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Introduct ion

The  AEE-5 Fuel  and Energy  .Work Plan was  establ ished  to  promote
and imp1 ement conc lus ions and
DOT/FAA/EM-82/29,

recommendations from the report
The I m p a c t  o f Petroleum, Synthetic - and

Cr_yqgenic F u e l s  o n  C i v i l  A v i a t i o n ,  J u n e  1982. ( C o p i e s  o f  t h a t
report  are  now avai lable  only  through the  NTIS,  Spr ingf ie ld ,  VA
22161). T h i s  r e p o r t  i s  e x p e c t e d  t o  u p d a t e  t h e  Impact r e p o r t  i n
many respects ,  part i cular ly considering fuel  prices and markets.
The I m p a c t r e p o r t  d i s c u s s e d  s o m e  s u b j e c t s  l a r g e l y  f r o m  t h e
resource  and technica l  v iewpoints . In  energy  a f fa irs ,  economics
and po l i t i cs  o f ten  dominate ; t h i s  r e p o r t  p a y s  m o r e  a t t e n t i o n  t o
those matters.

In preparing for the Impact report i t  was  found that  o i l  and gas
will  govern the world energy market for several decades and that
a n  e x h a u s t i v e  a c c o u n t i n g  o f  a l t e r n a t i v e  f u e l s  w a s  n o t  j u s t i f i e d .
Volume I I  o f  Impact  was  there fore  not  wr i t ten . Now, with  the
e n t i r e  e n e r g y  p i c t u r e  b e l i e v e d  i n  b e t t e r  f o c u s ,  m o r e  a t t e n t i o n
h a s  b e e n  g i v e n  t o  a l t e r n a t i v e  f u e l s  a n d  e n e r g y  s o u r c e s  i n  t h i s
report ,  to  complete  the ir  coverage .

This r e p o r t ’ s cover i l l u s t r a t e s  p e r h a p s the most important
f i n d i n g  o f  t h e  s t u d y  t o  d a t e . E v e n  i n  a  t i m e  o f  o i l  g l u t ,  t h e
w o r l d  r e m a i n s  p e r i l o u s l y  c l o s e  t o  a n o t h e r  100% p r i c e  r i s e . The
author believes the U.S. can alter that unfavorable balance.

T h i s  AEE-5 p r o g r a m  i s  e x p e c t e d  t o  b e  c o n c l u d e d  a t  t h e  e n d  o f
March, 1984. At that time, a  br ie f  windup report  wi l l  be  wri t ten
t o  a c c o u n t  f o r  l a t e r  e v e n t s  a n d ,  p o s s i b l y ,  t o  f u r t h e r  i m p r o v e
perspect ive .
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CHAPTER 1

SUMMARY

World and U.S. Energy

W o r l d  o i l  s h o u l d  r e m a i n  g e n e r a l l y  a v a i l a b l e  f o r  a t  l e a s t  t h i r t y
t o  f i f t y  y e a r s . R e a l  o i l  p r i c e s  s h o u l d  c o n t i n u e  t o  f a l l  u n t i l
1985, when recovering U.S. and world economy may demand enough
energy to stimulate a moderately sustained price rise. This  r i se
could be delayed by stimulating U.S. production of  natural gas or
enhanced  o i l  recovery . Without  enhanced  U.S .  product ion ,  rea l
p r i c e s  o f  w o r l d  o i l  i n  1990 s h o u l d  s t i l l  b e  l o w e r  t h a n  i n  1980.

The U.S. is  the single largest producer and user of  energy in the
w o r l d . W i t h  i t s  r e s e r v e s  o f  o i l ,  s h a l e ,  p a r t i c u l a r l y  c o a l ,
natural gas and peat, a s  t h e  p r i c e  o f  w o r l d  o i l  r i s e s ,  t h e  U . S .
s h o u l d  c o n t i n u e  t o  p r o d u c e  a  l a r g e  p e r c e n t a g e  o f  i t s  e n e r g y
demand from domestic  fossil  fuels.

T h e  m o s t  d i f f i c u l t  d e m a n d s  i n  t h e  U . S .  a n d  a b r o a d  w i l l  b e  i n
l i q u i d  f u e l s  f o r  t r a n s p o r t a t i o n  b u t , i f  c a p i t a l  e x p e n d i t u r e s  a r e
made, the U.S. w i l l  c o n t i n u e  t o  m e e t  m o s t  o f  i t s  n e e d s . Taxes
and regulat ions  o f  var ious  k inds  are  the  s trongest  deterrents  to
increased  U.S .  product ion . P u r c h a s e  o f  f o r e i g n  o i l  a n d  o t h e r
energy  forms should  cont inue  as  long a s  t h e i r  p r i c e s  a r e  l o w e r
than the  tota l  o f  product ion  costs ,  taxes ,  e tc .  in  the  U.S .

T h e  w o r l d  e c o n o m y  h a s  n o w  d e m o n s t r a t e d  c o n c l u s i v e l y  t h a t  o i l
pr i ces  are  subject  to  supply /demand forces . Although world  o i l
production outside OPEC has increased and demand for OPEC oil has
s i g n i f i c a n t l y  d e c r e a s e d  s i n c e  1980, i n c r e a s i n g  w o r l d  G N P  i s
expected  to increase demands on OPEC production i n  a b o u t  1985.
When demand for OPEC oil exceeds around 80% of OPEC production
capabi l i ty  at  any t ime, a rise in OPEC price should be expected.

It must be emphasized that OPEC price rises may be postponed for
years  or  decades  i f  U.S . o r  o t h e r  f r e e - m a r k e t  p r o d u c t i o n  o f  o i l ,
n a t u r a l  g a s , m e t h a n o l  f r o m  g a s  o r  c o a l ,  o r  o t h e r  e n e r g y  i s
a d e q u a t e l y  s t i m u l a t e d . Economic  s tudies  by  the  DOE's  Energy
Informat ion  Agency  indicate  that  a  reduct ion  o f  $1 per  thousand
c u b i c  f e e t  o f  U . S .
$4.50/Mcf)

n a t u r a l  g a s  p r i c e s  i n  1985 ( f r o m  $5.50/Mcf t o
w o u l d  d r o p  t h e  w o r l d  p r i c e  o f  o i l  b y  $4 p e r  b a r r e l

( f r o m  $37 t o  $33 i n  1982 d o l l a r s ) .

Energy  conservat ion  a lso  p lays  a  cruc ia l  part  in  the  future  pr ice
o f  w o r l d  o i l . A f t e r  a b o u t  1990-2000, p r o d u c t i o n  o f  s y n t h e t i c
f u e l s  s h o u l d  a s s i s t  i n  m o d e r a t i n g  r i s i n g  o i l  p r i c e s . But the
c a p i t a l  c o s t s  a n d  i n s t i t u t i o n a l  p r o b l e m s  o f  s y n t h e t i c  p r o d u c t i o n
w i l l  b e  l a r g e .

Coal is  the most abundant U.S. e n e r g y  r e s o u r c e  a n d  i t s  p r i c e  i s
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far  less  than for  any  other  form o f  energy . Coal mineable  under
present economic c o n d i t i o n s  c a n  s u p p l y  t h e  U . S .  f o r  l i t e r a l l y
t h o u s a n d s  o f  y e a r s . A d d i t i o n a l  r e s e r v e s  c a n  b e  e x p l o i t e d  b y
underground gasification. Its greatest problems are in handling,
shipping and environmental impacts. Some of these problems show
promise of improvement. C a t a l y t i c  p r o d u c t i o n  o f  s y n t h e t i c  f u e l s
from coal may become economical ly  compet i t ive . Developments in
c o a l  t e c h n o l o g y  a n d  e c o n o m i c s c o u l d  h a v e  p r o f o u n d  e f f e c t s  o n
w o r l d  o i l  p r i c e  a n d  a v a i l a b i l i t y .

Solar and other renewable sources will  require very large capital
i n v e s t m e n t s  b e f o r e  t h e y  c a n  y i e l d  s i g n i f i c a n t  c o n t r i b u t i o n s .
Most  o f  these  sources  are  character ized  by  inherent  l imitat ions
i n  c o n t i n u i t y  o r  r e l i a b i l i t y . Renewables  a r e  u n l i k e l y  t o  a f f e c t
wor ld  energy  pr ices  unt i l  a f ter  year  2000.

Al l  o f  these  comments  are  heavi ly  shrouded by  uncerta inty  and
dependent on a  h o s t  o f  i n t e r n a t i o n a l , economic, p o l i t i c a l  a n d
mil i tary  events .

U . S .  d e p e n d e n c e  o n  f o r e i g n  o i l i m p o r t s  d r o p p e d  a s  l o w  a s  25%
of  our  o i l  consumption  dur ing  ear ly  1982, but  has  crept  back  up
t o  a b o u t  o n e - t h i r d  i n  t h e  t h i r d  q u a r t e r  o f  1983. The U.S. would
p r o b a b l y  s u f f e r  l e s s  f r o m  a  d i s r u p t i o n  i n  f o r e i g n  c r u d e  t o d a y
than at  any t ime i n  t h e  f u t u r e  u n t i l  w e l l  a f t e r  2000 ( u n l e s s
e f f e c t i v e  s t e p s  a r e  t a k e n  t o  i n c r e a s e  d o m e s t i c  f o s s i l  e n e r g y
production) . However, it  appears that as small  a disruption as 1
m i l l i o n  b a r r e l s  p e r  d a y  (l/S o f  U . S .  l a t e  1983 i m p o r t s ) ,  c o u l d
t r i p l e  t h e  p r i c e  o f  o i l .

The World Energy Conference of September, 1983 was more concerned
with  the  soc io log ica l  e f fects  o f  energy  programs than with  wor ld
energy  avai labi l i ty  and pr ices .

U . S .  T r a n s .

About 3/4 of  U.S. transportation energy is  used by road vehicles.
Demand for auto fuel  has dropped rapidly over the past f ive years
and should continue downward, although the recent trend is toward
less  auto  fue l  conservat ion .

A v i a t i o n  a c c o u n t s  f o r  l e s s  t h a n  10% o f  t r a n s p o r t a t i o n  f u e l . The
demand for aviation fuel should remain about constant through the
remainder of  the century. I t s  p e r c e n t a g e  o f  t r a n s p o r t a t i o n  f u e l
w i l l  r i s e , but  only  to  the  extent  that  o f  auto  fue l  wi l l  dec l ine .

The demands f o r  U . S . j e t f u e l and d i e s e l f u e l h a v e  b e e n
c o m p a r a b l e .  U . S . d e m a n d  f o r  d i e s e l  f u e l  h a s  i n c r e a s e d  s t e a d i l y
since 1970 and it has been expected that demand would continue to
r i s e at the same or a higher r a t e  i n t h e  f u t u r e . Heavy
d i e s e l i z a t i o n  o f  U . S . a u t o s  a n d  l i g h t  t r u c k s  c o u l d  i m m e n s e l y
increase the demand for diesel  fuel .

However, t h e  o u t l o o k  f o r  f u t u r e  d i e s e l  f u e l  d e m a n d  a p p e a r s  t o
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have experienced a major reversal. T h e  p a s t  i n c r e a s e  i n  d i e s e l
d e m a n d  h a s  b e e n  d u e  t o  d i e s e l i z a t i o n  o f  h e a v y  t r u c k s . Med i urn
trucks and all  U.S.  buses use a far lesser amount of  fuel  and are
not important to major trends. The future of  U.S.  diesel  demand
depends on the popularity of  diesel  autos and l ight trucks.

DOE analysis shows that owners of new U.S. cars  are  now paying
l e s s  g a s o l i n e  r e a l  c o s t  p e r  m i l e  t h a n  a t  a n y  t i m e  i n  h i s t o r y .
U.S.  auto owners now do not respond to small  dif ferences in fuel
p r i c e s , while d i e s e l p r i c e s now r i v a l t h o s e  o f g a s o l i n e .
Further, new car purchase of  lower-mileage models has increased
re lat ive  to  fue l -economic  models .

Mo’st i m p o r t a n t  i s the recent t r e n d  i n p u r c h a s e  o f new
d i e s e l - p o w e r e d  a u t o s  a n d  l i g h t  t r u c k s . S t a r t i n g  i n  1977, U . S .
s a l e s  o f  d i e s e l  c a r s  b e g a n  i n c r e a s i n g  a t  a  s t e a d y  r a t e  o f  a b o u t
150,000 u n i t s  p e r  y e a r , r e a c h i n g  a  t o t a l  o f  o v e r  500,000 s o l d  i n
1981. But ,  just  as  abrupt ly  in  1982, the rate of purchases began
d r o p p i n g  b y  t h e  s a m e  150,000 u n i t s  p e r  y e a r . From a  h igh  o f
a b o u t  6% o f  U . S . n e w  c a r  p u r c h a s e s  d u r i n g  1981, i n  t h e  t h i r d
quarter  o f  1983, d iese l  sa les  dropped  to  2.3% o f  the  auto  market .
P r o b a b l y  a l s o  s i g n i f i c a n t , a t  l e a s t  o n e  f o r e i g n  m a n u f a c t u r e r
s t a r t e d  s e l l i n g  d i e s e l  m o d e l s  a t  l o w e r  p r i c e s  t h a n  g a s o l i n e
models of the same car in the U.S.

T h e  D O E  c o n c l u d e s  t h a t  d i e s e l i z a t i o n  o f  U . S .  h e a v y  t r u c k s  i s
v i r t u a l l y  c o m p l e t e , of  medium trucks and buses is  not important,
a n d  t h a t  d i e s e l i z a t i o n  o f  a u t o s  a n d  l i g h t  t r u c k s  w i l l  n o t
p e n e t r a t e  t h e  m a r k e t  s i g n i f i c a n t l y .
increase in demand for U.S.

Accordingly , t h e  r a t e  o f
d iese l  fue l  should  grow at  the  same

rate as the GNP, considerably lower than has been anticipated.

Growth of  U.S.  diesel  fuel  demand is  therefore no longer expected
to  impact  the  supply  or  pr ice  o f  U.S .  av iat ion  je t  fue l .

Aviation Fuel

As reported above, t h e  d e m a n d  f o r  a v i a t i o n  f u e l  i s  e x p e c t e d  t o
remain e s s e n t i a l l y constant throughout t h i s century . This
e x p e c t a t i o n  i s  a t odds with several other nat ional and
i n t e r n a t i o n a l  f o r e c a s t s ,
annually.

w h i c h  e x p e c t  g r o w t h s  o f  f r o m  1% t o  3%
T h e  d i f f e r e n c e s  a r e  p r o b a b l y  u n i m p o r t a n t ,  a s  f a r  a s

f u e l  a v a i l a b i l i t y  o r  p r i c e s  a r e  c o n c e r n e d .
imponderable variables,

Among many other

and world economies,
aviation fuel demand depends on the U.S.

the  amount  a ir l ines  are  wi l l ing  to  sacr i f i ce
fue l  and pr ices  in  compet ing  for  passengers ,  and the  amount  o’f
c a p i t a l  a i r l i n e s  c a n  r a i s e  f o r  n e w ,  f u e l - e f f i c i e n t  a i r c r a f t .

A f t e r  1985,
i n f l a t i o n .

f u e l  p r i c e s  m a y  r i s e  a t  l-2% f a s t e r  t h a n  g e n e r a l

T h e r e  h a s  b e e n  u n a n i m o u s  a g r e e m e n t  t h a t  t h e  q u a l i t y  o f  w o r l d
c r u d e  o i l  i s  s t e a d i l y  d e c r e a s i n g  a n d  t h a t  f u t u r e  o i l ,  f i n d s  a r e
l i k e l y  t o  b e  o f  l o w e r  q u a l i t y . O v e r  t h e  p a s t  s e v e r a l  y e a r s ,
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there  has  been a  wide  opinion  that  lower  qual i ty  crude  o i l  wi l l
r e s u l t  i n e v i t a b l y  i n  p r e s s u r e s  f o r  l o w e r  q u a l i t y  j e t  f u e l . This
w a s  p a r t i c u l a r l y  e x p e c t e d  w h e n t h e  d e m a n d  f o r  j e t  f u e l  w a s
p r o j e c t e d  t o  g r o w  r a p i d l y . Today  there i s  r e c o g n i t i o n  t h a t
s e v e r a l  f a c t o r s  a c t  a g a i n s t  a  t r e n d  t o w a r d  l o w e r - q u a l i t y  j e t
f u e l .

F i r s t , the  rapid  r ise  in  demand for  je t  fue l  has  receded  and the
expectat ion  for  i ts  future  growth has  s trongly  d iminished. The
compet i t ion  f rom diese l  demands  has  certa in ly  receded  and may
have disappeared. Demand for automobile gasoline has dropped so
r a p i d l y  t h a t  l i g h t e r  f r a c t i o n s  o f  t h e  c r u d e  b a r r e l  a r e  b e c o m i n g
increasingly  avai lable . Perhaps most significant,  the demand for
res idual  fue l  o i l  has  a,lmost d isappeared; r e s i d u a l  o i l  i s  s e l l i n g
at lower prices than the crude oil  from which it  is  made.

U.S. r e f i n e r s  c o n t i n u e  t o  s h u t  d o w n  e x c e s s r e f i n e r y  c a p a c i t y .
The  uni ts  c losed  are  those  which  can only  do  s imple  process ing ,
not sophisticated hydrogenation. A number of  refiners are either
m a k i n g  m a j o r  m o d i f i c a t i o n s  o r  a r e  b u i l d i n g  n e w  i n s t a l l a t i o n s
w h i c h  w i l l  p r o d u c e  l i t t l e  o r  n o  r e s i d u a l  o i l  a n d  o t h e r  h e a v y
f r a c t i o n s . They w i l l synthesize t h e i r ent i re output into
high-qual i ty  products . A s  a  p a r t  o f  t h i s  p r o c e s s ,  i t  b e c o m e s
increas ingly  apparent  that  re f iners  should  have  no  d i f f i cul ty  in
maintaining s p e c i f i c a t i o n q u a l i t y  o f j e t f u e l . In f a c t ,
indications continue to grow that aviation may be able to improve
s p e c i f i c a t i o n s  f o r  j e t  f u e l  i n  t h e  f u t u r e .

A t  t h e  s a m e  t i m e , w i t h  m o r e  l i g h t  f r a c t i o n s  a v a i l a b l e  f r o m
decreased  gaso l ine  product ion , av iat ion  may expect  to  be  o f fered
fuel  with  lower  f lash  po ints . There could be economic advantages
for  a ir l ines  accept ing  some o f  these  fue ls . FAA, NASA and others
concerned with  fue l  specs  should  ident i fy  what  fue l -handl ing  and
other  cr i ter ia  should  apply  to  the  many new jet  fue ls  which  may
become available during the next few years.

Natural Gas

The Natural  Gas  Pol i cy  Act  o f  1978 i s  purported  to  “deregulate”
U.S. n a t u r a l  g a s  i n  1985. However, t h e  A c t  m a i n t a i n s  p r i c e
ceil ings on more than 40% of  the proven natural gas in the United
States . S o m e  g a s  w i l l  r e m a i n  a t  p r i c e  c e i l i n g s  e q u i v a l e n t  t o
l e s s  t h a n  $2 p e r  b a r r e l  f o r  c r u d e  o i l . More important in the
view o f  th is  author , these  ce i l ings  and use  restr i c t ions  cont inue
t o  p r e v e n t  t h e  U . S .  f r o m  f i n d i n g , p r o d u c i n g  a n d  u s i n g  o t h e r
extensive domestic  natural  gas resources.

I f  e x p l o i t e d , these important domestic r e s o u r c e s  c o u l d  g r e a t l y
reduce U.S. demand for petroleum and, presumably,  either arrest
t h e  p r i c e  r i s e  o f  w o r l d  o i l ,  o r  r e v e r s e  i t s  g r o w t h . I n  t h e
o p i n i o n  o f t h i s author, d e v e l o p m e n t  o f  U . S . natural gas
represents  the  most  immediate ,  economical ,  and  e f fec t ive  way  by
w h i c h  t h e  U . S . c a n  s t a b i l i z e  i t s  e n e r g y  s u p p l y ,  r e d u c e  i t s
v u l n e r a b i l i t y  t o  c r u d e  o i l  d i s r u p t i o n s , a n d  s t i m u l a t e  t h e  f r e e
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world’s economy.

W h i l e  t h e  s i t u a t i o n  a l s o  m a y  b e  i m p r o v e d  b y  i n c r e a s e d  e n e r g y
c o n s e r v a t i o n , m o r e  n u c l e a r  p o w e r , a n d  e a r l i e r  s y n t h e t i c  a n d
renewable energy production, none but natural gas could begin to
a c h i e v e  t h i s  e f f e c t  i n  t i m e  t o  d e l a y  o r  d e f e a t  t h e  f o r e c a s t  o i l
p r i c e  r i s e  o f  1985.

Aviat ion, and a l l other interests which are s u b s t a n t i a l l y
v u l n e r a b l e  t o f u e l a v a i l a b i l i t y and p r i c e , should become
int imately  famil iar  with  the  potent ia l  that  natural  gas  o f fers  to
the energy market and, in turn,  to all  energy users.

Alternat ive  Fuels  and

Alternat ive  fue ls  capable  o f  replac ing  gaso l ine  in  the  automot ive
market, could  have  a  major e f f e c t  i n  r e d u c i n g  a n d  h o l d i n g  t h e
price of petroleum low for many decades. To be successful  in the
automotive market, a  new fuel  must  be  avai lable  at  15-20% be low
the price of  gasoline and must require no serious compromises.

Whi le  d iese l  fue l  i s  der ived  f rom petro leum and o f fers  no  re l ie f
i n  t h e  p r i c e  o f  p e t r o l e u m , i t  a l s o  d o e s  n o t  a p p e a r  c a p a b l e  o f
meet ing  the  pr ice  cr i ter ia . Further, i t  i s  l i k e l y  d i e s e l  e n g i n e s
w i l l  n o t  b e  a b l e  t o  m e e t  t h e  m o r e  s t r i n g e n t  f u t u r e  e x h a u s t
emission requirements, unless existing emission improvement plans
are  re laxed .

The  most  v iable  candidates  for  replac ing  automot ive  gaso l ine  are
methanol and liquid methane (l iquid natural gas,  LNG).

As with any other alternative fuels,  both methanol and LNG suffer
from the chicken-and-egg syndrome that requires a large number of
f u e l  s u p p l y  o u t l e t s  b e f o r e  v e h i c l e s  c a n  b e  s o l d  i n  q u a n t i t y ,
whi le  capi ta l  cannot  be  ra ised  for  the  d istr ibut ion  system unt i l
a large number of  vehicles is  operating. Previous ly ,  i t  has  been
expected  that  new fue ls  could  be  introduced  success fu l ly  through
f l e e t  o p e r a t i o n s . More recent analysis,  and the U.S.  experience
w i t h  d i e s e l automobiles, suggest t h a t  c a p t u r e  o f a l l  U . S .
automotive fleets by a new f u e l w i l l not guarantee i t s
i n t r o d u c t i o n  i n t o  t h e  p u b l i c  m a r k e t . O n e  o f  t h e  s t r o n g e s t
obstac les  today  is  the  fact  that  new car  owners  are  paying  less
per  mi le  for  fue l  than at  any  t ime in  h istory .

Methanol and LNG can be manufactured most readily from natural
g a s . But, u s i n g  t h e  g r o u n d  r u l e s  o f  e x i s t i n g  l e g i s l a t i o n  a n d
regulat ion , the  DOE predicts  that  U.S . n a t u r a l  g a s  p r i c e s .  w i l l
r i v a l  t h a t  o f  g a s o l i n e  p e r  Btu i n  1985-87. I f  s o , t h e  u s e  o f
natural gas f o r m e t h a n o l  o r LNG would appear completely
e l i m i n a t e d . B u t  t h i s  a u t h o r  s t u b b o r n l y  b e l i e v e s  t h a t  U . S .
natural gas p r i c e s are the r e s u l t  o f our economic/energy
p o l i c i e s . W i t h  n a t u r a l  g a s  r e f o r m ,  t h e  15-20% p r i c e  a d v a n t a g e
should  be  real ized . I n  f a c t , as  soon  as  the  “natural ”  low pr ice
of  natural  gas  is  achieved, i ts  e f fect  would  impact  in  other  fue l
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areas immediately, leaving the automotive f u e l market f o r
addit ional  potent ia l  penetrat ion .

In the world energy arena, t h e  f u t u r e  o f  n a t u r a l  g a s  a v a i l a b i l i t y
and price may be resolved without U.S.  participation. Around the
world, tremendous amounts of  natural gas are being f lared today
and fore ign  o i l  producers  are  a lready  cons ider ing  convert ing  th is
loss to methanol, LNG and other products. I t  i s  e n t i r e l y  l i k e l y
t h a t  t h e s e  w o r l d  s u r p l u s e s  i n  n a t u r a l  g a s  w i l l  b e  c a p t u r e d  a n d
used. I t s  p r o d u c t s  c a n  r e p l a c e  e x i s t i n g  u s e s  f o r  o i l  a s  e n e r g y
a n d  c h e m i c a l  f e e d s t o c k s  a n d ,  i n  s o m e  a r e a s ,  a s  f u e l  f o r  g r o u n d
v e h i c l e s .

T h i s  i s  a n  i n t e r n a t i o n a l  p o t e n t i a l  w h i c h  U . S .  p e t r o l e u m  u s e r s
should  watch a lert ly .

Renewable  energy  sources  do  not  appear  capable  o f  a f fect ing  the
world  fue l  market  unt i l  a f ter  year  2000.

Syr?thetic Fuels

I t  a p p e a r s  t h a t  s y n t h e t i c  f u e l s ,  p a r t i c u l a r l y  s h a l e  o i l ,  c a n  b e
produced at prices which nearly rival  petroleum products. Unlike
a l t e r n a t i v e f u e l s discussed above, synthet ic f u e l s can be
manufactured to the same specif ications as petroleum products,  or
t o  e v e n  b e t t e r  s p e c s . T h e  o n l y  o b s t a c l e s  t o  t h e i r  m a r k e t
i n t r o d u c t i o n  i s  t h e i r  p r i c e  a n d , t o d a y , l a c k  o f  p r o d u c t i o n
c a p a c i t y .

I n  l a t e  1983, U n i o n  O i l  i s  b e g i n n i n g  t o  d e l i v e r  10,000 BPD o f
shale oil  which has a price support of  over $40/bbl from the U.S.
Synthet ic  Fuels  Corporat ion . Under  present  arrangements ,  the
U.S .  Air  Force  expects  to  rece ive  enough o f  th is  fue l  for  l imited
t e s t s  i n  d a i l y  s e r v i c e  o p e r a t i o n s . Under current conditions,  the
p r i c e  f o r  t h i s  f u e l  t o  t h e  U S A F  i s  a b o u t  10% l o w e r  t h a n  f o r
c o n v e n t i o n a l  j e t  f u e l , w h i l e  t h e  q u a l i t y  i s  h i g h e r . I f  t h i s  o r
other sources permit expanded operations,  the USAF has plans for
extending  use  o f  shale  o i l  to  a l l  i t s  domest ic  bases .

The DOE expects t h a t  o n l y  s m a l l  q u a n t i t i e s  o f  s y n t h e t i c  f u e l s
wi,ll b e c o m e  a v a i l a b l e  b e f o r e  y e a r  2000, b u t  t h a t  o u t p u t  s h o u l d
i n c r e a s e  r a t h e r  r a p i d l y  a f t e r  t h a t  t i m e . B y  2010 t o  2020,
s y n t h e t i c  p r o d u c t i o n  c o u l d  b e g i n  t o  r e d u c e  U . S .  d e m a n d  f o r
f o r e i g n  o i l  t o  a n  a p p r e c i a b l e  d e g r e e , s a y  t w o  m i l l i o n  b a r r e l s  a
day or more.

I t  i s  n o t  c l e a r  i f  s h a l e  o i l  s o u r c e s  c a n  b e  m a d e  a v a i l a b l e  f o r
U.S .  domest i c  a i r l ines , or whether they would presently f ind any
a d v a n t a g e  i n  c o s t . B u t  t h i s  i s  a  s i t u a t i o n  w h i c h  d e s e r v e s
watching. Similar ly , i t  i s  s t i l l  u n l i k e l y  t h a t  a v i a t i o n  j e t  f u e l
w i l l  b e  d e v e l o p e d f r o m  c o a l  a t  c o m p e t i t i v e  p r i c e s . B u t  a
b r e a k t h r o u g h  i n  u n d e r g r o u n d  c o a l  g a s i f i c a t i o n  t e c h n o l o g y  o r  i n
c a t a l y t i c  s y n t h e s i s  c o u l d  b r i n g  f a r - r e a c h i n g  e f f e c t s .
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Aviation Fuel Conservation

T h e  p o t e n t i a l s  f o r  a v i a t i o n f u e l  c o n s e r v a t i o n  w e r e  r e v i e w e d  i n
the _Im_pact report and most of them have already been exploited in
U.S. a i r l i n e  a n d  o t h e r  a v i a t i o n  o p e r a t i o n s . M o r e  i n t e n s i v e
economy can be a c h i e v e d  a s  b e t t e r  m e t h o d s  a r e  d e v e l o p e d  f o r
instrumenting a i r c r a f t  a n d  p r o v i d i n g  p e r f o r m a n c e  i n f o r m a t i o n .
Planning and opt imizat ion methods  are  genera l ly  more advanced
than the  data  inputs  avai lable  for  the ir  use .

This i s  p a r t i c u l a r l y  t r u e i n  f l i g h t  p l a n n i n g and aviat ion
weather. Fl ight  p lanning  methods  today are  h ighly  re f ined ,  but
upper-atmosphere wind data are generally no better than they were
t w e n t y  o r  m o r e  y e a r s  a g o . I n  s o m e  r e s p e c t s  t h e y  a r e  w o r s e ,
because they are measured less frequently today than previously.

With  improved wind nowcast and forecast  in format ion ,  there  i s  a
d i r e c t  p o t e n t i a l  f o r  s a v i n g  $300 m i l l i o n  p e r  y e a r  i n  a i r l i n e  f u e l
c o s t s  f r o m  a d v e r s e  w i n d  d a t a , n o t  i n c l u d i n g  c o s t s  o f  fliqht
delays  and d ivers ions , or  the  benef i ts  to  non-a ir l ine  operat ions .

FAA has now formally recognized the need for improved upper wind
data for both its FAA Aviation Weather Plan and the Automated Air
T r a f f i c  C o n t r o l Systemxribemiow
Plan. These plans will  require a new national wind measurement
sern i n 1992. The National Weather S e r v i c e  (NWS) a l s o
recognizes  th is  improved  weather  data  need  for  i t s  own purposes
and, depending  on p r i o r i t i e s and b u d g e t s ,  m a y  b e a b l e  t o
introduce a new system starting in 1988.

MERIT (Minimum Energy Routes Using I n t e r a c t i v e  T e c h n i q u e s ) ,  a
combined NASA/NWS  program t o  e v a l u a t e  t h e  e f f e c t s  o f  i m p r o v e d
wind inputs , l a r g e l y  t h r o u g h  p i l o t  r e p o r t s ,  w i l l  b e  r u n  d u r i n g
t h e  f i r s t  t h r e e  m o n t h s  o f  1984. Air l ines  would  be  wel l  advised
to  part i c ipate  in  these  tests  and to  cons ider  how i ts  resul ts  can
be  cont inued or  developed into  regular  a ir l ine  f l ight  p lanning .

Although the  new generat ion  o f  t ransport  a ircraf t  (B-757, B-767,
DC9-80 a n d  Airbus) appear conventional, t h e y  w i l l  p r o v i d e  f u e l
s a v i n g s  o f  20-40%, c o m p a r e d  t o  t h e  \aircraft t h e y  w i l l  r e p l a c e .
Future  generat ions  o f  new a ircraf t  are  expected  to  o f fer  s imi lar
percentage improvements in fuel economy. G r o w t h  i n  a i r l i n e  f u e l
demand wi l l  depend to  a  s igni f i cant  degree  on  the  rate  at  which
these  new a ircraf t  can  be  introduced  into  serv ice .

A i r c r a f t  u s e d  i n  t h e  U . S . f o r  c o m m u t e r  s e r v i c e  h a v e  n o t  y e t
adopted  many o f  the  fue l -e f f i c ient  des ign  features  o f fered  in  the
n e w  l a r g e transport a i r c r a f t . But the same p o t e n t i a l  i s
a v a i l a b l e . In some r e s p e c t s , such as by using composite
m a t e r i a l s  i n major external sur faces , the smaller a i r c r a f t
may have an e a r l i e r opportunity than l a r g e r a i r c r a f t f o r
incorporating some drag and weight improvements. But the
exist ing  investment  in  convent ional  a ircraf t  construct ion  methods
and pre judices  in  the ir  favor  wi l l remain strong.
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wind inputs , l a r g e l y  t h r o u g h  p i l o t  r e p o r t s ,  w i l l  b e  r u n  d u r i n g
t h e  f i r s t  t h r e e  m o n t h s  o f  1984. Air l ines  would  be  wel l  advised
to  part i c ipate  in  these  tests  and to  cons ider  how i ts  resul ts  can
be  cont inued or  developed into  regular  a ir l ine  f l ight  p lanning .

Although the  new generat ion  o f  t ransport  a ircraf t  (B-757, B-767,
DC9-80 a n d  Airbus) appear conventional, t h e y  w i l l  p r o v i d e  f u e l
s a v i n g s  o f  20-40%, c o m p a r e d  t o  t h e  \aircraft t h e y  w i l l  r e p l a c e .
Future  generat ions  o f  new a ircraf t  are  expected  to  o f fer  s imi lar
percentage improvements in fuel economy. G r o w t h  i n  a i r l i n e  f u e l
demand wi l l  depend to  a  s igni f i cant  degree  on  the  rate  at  which
these  new a ircraf t  can  be  introduced  into  serv ice .

A i r c r a f t  u s e d  i n  t h e  U . S . f o r  c o m m u t e r  s e r v i c e  h a v e  n o t  y e t
adopted  many o f  the  fue l -e f f i c ient  des ign  features  o f fered  in  the
n e w  l a r g e transport a i r c r a f t . But the same p o t e n t i a l  i s
a v a i l a b l e . In some r e s p e c t s , such as by using composite
m a t e r i a l s  i n major external sur faces , the smaller a i r c r a f t
may have an e a r l i e r opportunity than l a r g e r a i r c r a f t f o r
incorporating some drag and weight improvements. But the
exist ing  investment  in  convent ional  a ircraf t  construct ion  methods
and pre judices  in  the ir  favor  wi l l remain strong.
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SUMMARY SUPPLEMENT

CSIS Conference on Oil  D-ion

Georgetown Center  for  Strateg ic  and Internat ional  Studies '  (CSIS)
conference on "Oi l  Supply  Disrupt ion  Probabi l i t ies"  was  held  on
November 10, 1984, jointly sponsored by the Department of  Defense
and FAA. Approximated 85 participants and observers attended and
50 s u b m i t t e d  t h e i r  n u m e r i c a l  e s t i m a t e  o n  t h e  p r o b a b i l i t y  o f  a
severe  d isrupt ion .

A t  t h i s  w r i t i n g , the  resul ts  have  not  been analyzed  by  r igorous
s t a t i s t i c a l  m a t h e m a t i c s , but  an  approximat ion  method has  been
appl ied . S u b j e c t  t o  f i n a l  c o r r e c t i o n ,  b e f o r e  t h e  m e e t i n g ,  w i t h
51 r e s p o n d e n t s , t h e  m e a n  p r o b a b i l i t y  f o r  a  d i s r u p t i o n  i n  a
f ive -year  per iod  was  g iven as  0.582, with  a  s tandard deviat ion  o f
0.275. T h i s  i s  o n l y  a b o u t  h a l f  o f  t h e  p u r e l y  s u b j e c t i v e  p o l l  i n
the  Impact  report , which  recorded  1.0. I n  t h i s  CSIS p o l l ,  t h e
range  o f  entr ies  was  f rom 0.05 to  1.0.

Pending  the  r igorous  analys is , i t  may be  mis leading  to  o f fer  the
d i s t r i b u t i o n  o f e n t r i e s . But it is interest ing that the
d i s t r i b u t i o n  c u r v e  s h o w s  a l m o s t  a  c l a s s i c  " h e a d - a n d - s h o u l d e r s "
shape ,  wi th  three  peaks . T h e  h i g h e s t  i s  a t  t h e  m e a n  o f  0.582;
the  secondary  peaks  occur  at  about  0.25 and 0.75, and are  about
80% of the maximum.

A  s e c o n d  p o l l  w a s  t a k e n  a t  t h e  c l o s e  o f  t h e  m e e t i n g ,  w i t h  33
respondants. The m e a n  p r o b a b i l i t y  d r o p p e d  t o 0.494, with
s t a n d a r d  d e v i a t i o n  0.244. T h e  r a n g e  o f  e n t r i e s  r e m a i n e d  t h e
same. A l t h o u g h  n u m e r i c a l l y  t h e s e  r e s u l t s  a p p e a r  s i m i l a r ,  t h e
s h a p e  o f  t h e  c u r v e  w a s  c o n s i d e r a b l y  d i f f e r e n t . The shoulders
disappeared  complete ly  and the  curve  was  a lmost  a  45' s tra ight
line from near zero to the maximum. From there it dropped toward
1.0 near ly  symmetr ica l ly , but with a small  residue near 1.0.

Pending CSIS'S r e p o r t ,  i t appeared the p a r t i c i p a n t s  i n
d i s c u s s i o n s  w e r e  l e s s  c o n c e r n e d  a b o u t  t h e  p r o b a b i l i t y  o f  a
d i s r u p t i o n  t h a n  f o r  i t s  c o n s e q u e n c e s . I t  w a s  p o i n t e d  o u t  t h a t
the U.S. may remain vulnerable indefinitely,  particularly through
its  a l l ies  and trading  partners .

W h i l e  I r a n  h a s  m a d e  s t r o n g  t h r e a t s  a b o u t  c l o s i n g  t h e  S t r a i t  o f
Hormuz, conference consensus was that Iran has more to lose than
m o s t  i f  t h e  s t r a i t  i s  c l o s e d . The greatest concern appeared to
be  that  a  miscalculat ion  could  occur  or  that  Iran and Iraq  would
r a i s e  t h e  l e v e l  o f  c o u n t e r - t h r e a t s  s o  h i g h  t h a t  o n e  w i l l  f e e l
c o m p e l l e d  t o  a c t . T h e r e  i s  n o  a n t i c i p a t i o n  t h a t  t h e  w a r  w i l l
end.
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D i s c u s s i o n  i n d i c a t e d  t h a t  MidEast o i l  i n s t a l l a t i o n s  a r e  s p r e a d  s o
wide  that  they  cannot  be  success fu l ly  de fended. Defense hinges
m o s t l y  o n mutual s e l f - i n t e r e s t s and f e a r  o f r e t a l i a t i o n .
Conference opinion, inc luding  mi l i tary  representat ives ,  was  very
s t r o n g  t h a t  t h e  U . S . c a n n o t  a n d  w i l l  n o t  p e r m i t  t h e  s t r a i t  t o
remain closed. No details  were offered;  the statement was made
emphatically and not challenged.
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The past decade should have removed any doubts that energy and
fuel respond to supply and demand pressures. I t  i s  d i f f i c u l t  t o
project either supply or demand. The balance between them can be
a fine one and, as will  be shown, p r i c e s  a r e  h i g h l y  s e n s i t i v e  t o
the degree of  unbalance at any time. Therefore, p r o j e c t i o n s  o f
p r i c e s  a r e  n e c e s s a r i l y  b o t h  d i f f i c u l t  a n d  percarious. When
expressed in tables OS  graphs, future  pr i ces  tend  to  be  regarded
a s  f i r m  o r  r e l i a b l e ; it  must be constantly remembered that they
are not.

E n e r g y  p r o j e c t i o n s  a r e  u s u a l l y  p r e s e n t e d  a s  r e l a t i v e l y  s m o o t h
c u r v e s , m u c h  s m o o t h e r  t h a n  t h e  h i s t o r y  o f  o u r  p a s t  d e c a d e .
Forecasters  po int  out  that , as convenient as they may be, smooth
trends  are  imposs ib le in  a  f ree  energy  market . They  correct ly
note  that , when trends are projected either-  higher or lower than
the  norm that  may be  expected ,  cyc l i ca l  excurs ions  wi l l  be  even
greater . Whi le  the  sweep  o f  these  cyc les  may be  est imated ,  the
t i m e  o f  t h e i r  o c c u r r e n c e  d e p e n d s  o n  e c o n o m i c ,  p o l i t i c a l  a n d
international events which cannot be predicted.

This  report  wi l l  general ly  show predic t ions  as  smooth  curves ;  i t
w i l l  a l s o  i n d i c a t e  s o m e  e x c u r s i o n s  w h i c h  c o u l d  b e  e x p e c t e d .  I t
even attempts  to  indicate  e f fects  o f  typica l  major  d isrupt ions  in
world  o i l  supply . The reader must bear in mind at all times that
even the basic, smooth projections are highly suspect;  the excur-
sions from smooth curves are compounding the felony.

W o r l d  E n - e n d s

Most analysts agree that, b a r r i n g  a  s i g n i f i c a n t  w o r l d  o i l  s u p p l y
d i s r u p t i o n ,  o i l  p r i c e s w i l l  m o s t  l i k e l y  d e c r e a s e i n  r e a l  t e r m s
i n t o  1985.

T h i s  c o n c l u s i o n  i s  b a s e d  o n  t h e  f a c t  t h a t  w o r l d  d e m a n d  i s  n o w
w e l l  b e l o w  w o r l d  o i l  p r o d u c t i o n  c a p a b i l i t y  a n d  t h a t  d e m a n d  f o r
OPEC oil is current ly wel l b e l o w  80% o f OPEC production
c a p a c i t y . As  wi l l  be  shown, OPEC cannot  ra ise  o i l  pr ices  when
demand fa l ls  be low about  80% o f  their  capaci ty .

Between 1985 and 1994, depending  on  recovery  rate  o f  the  wor ld ' s
economy, development o f  n o n - O P E C  o i l  p r o d u c t i o n , and numerous
o t h e r  f a c t o r s , w o r l d  o i l  d e m a n d  s h o u l d  r i s e  a n d  t h e  i n c r e a s e
should  large ly  be  met  by  increas ing  demands  on  OPEC. Sometime
between 1986 and 1990, demand for OPEC oil  is  projected to reach
24 t o  26 m i l l i o n  b a r r e l s  p e r  d a y , resuming upward price pressure
on the market.

I t  i s  a p p r o p r i a t e  t o  h a l t  a t  t h i s  p o i n t  a n d  d i s c u s s  t h e  f r a g i l i t y
o f  t h i s  c o n c l u s i o n . In the September d r a f t  o f  NEPP-1983  (2-11,
w h i c h  i s  n o t  y e t  r e l e a s e d a t  t h e  t i m e  o f  t h i s  w r i t i n g ,  EIA i s
p r e d i c t i n g  t h a t  w o r l d  o i l  p r i c e s  w i l l  s t a b i l i z e  i n  t h e  $23- t o
$30-per-barrel  r a n g e  i n  1983 a n d  1984 (1982 d o l l a r s ) ;  b y  1985 t h e
p r i c e  o f  o i l  s h o u l d  b e  a r o u n d  $25/bbl i n  1982 d o l l a r s . . I n  1982
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d o l l a r s , t h e  w o r l d  p r i c e  s h o u l d  t h e r e f o r e  c l i m b  t o  a b o u t  $37 by
1990.

But  an apprec iable  part  o f  that  c l imb from 1985 to  1990 is  due  to
their  conc lus ion  that  natural  gas  pr ices  wi l l  cont inue  to  r ise  in
t h e  U . S . ,  U . S .  industg w i l l  correspondingx  shif
consumpt ion  f rom gas  to  oi'f and the world demand
be  enhanced accordingly . Ix t h e  n e w  NEPP-1984, on which work
w i l l  b e g i n  i n  J a n u a r y  1984, i ts  authors alreadyexpect that  the
r i s e  i n  g a s  p r i c e s  w i l l  n o t  b e  s o sharp as assumed In NEPp-1983,
a n d  t h a t  th re likele p r o j e c t the w o r l d  p r i c e  o f  o i l
to around $ i n s t e a d  o f  $341bbl. r i c e  o f  on
d o l l a r s  c o u l d  t h e r e f o r e  d r o p  a s  l o w  a s more important,
t h e  p r i c e  beyond 1990 willvss t h a n  i n
NEPP-1983. cted o n  o u t  t o  2000 a n d  2019, t h e  e f f e c t  i s
dramatic.

I t  ism~ant itive t h e  w o r l d  o i l  p r i c e  i s  t o
natural gas prices and usage in the U.S. ! A different assumption
on the price o f  U.S . ecessarilyl
conclus ion i n  w o r l d  o i l p r i c e . This  author  happens  to  be l ieve
that t h e  NEPP-1984 assumed prices be
t o o  -high; i f  s o ,

f o r  n a t u r a l  g a s  maytill
t h e  w o r l d  p r i c e  o f  o i l  i n  1990 c o u l d  b e  b e l o w

$30/bbl i n  1982 d o l l a r s .

h a t  i t  s h o u l d  maintailFurther, i f  t h e  U . S . as  a  nat ion  dec ided  t >-l- - -
o f  o i l .mbcapable o f  d o i n g

-------
or  decrease  the  wor ld  pr i ce _ _  ---,

t  o f  natttt-al aas, I n  f a c t , natural gas
to

i s  on12
mrouah encouraaement--s. could bring

creased taxes o (incmg, but
f a l l  P r o f i t s

pbl-ippears
Tax-WPT) a n d  o t h e r

t h a t  t h e  U . S .  c o u l d  wrest- oif
i n i t i a t i v e from OPEC for all t ime. Further,
s h o u l d  b e  a b l e  t o  d o  t h i s  e n t i r e l y  throl)gh

a l t h o u g h h e  U . S .
i t s

with cooperation from Mexico,
o w n  i n i t i a t i v e s ,

Canada
the job would

and/or North Sea production,
be  even  eas ier .

In a market which has been so delicate1
decade, and will prob

ycj o v e r  t h e
ain so  for  another  twenty  yeass,

U.S. has i owes to continue to leave the  wor ld ' s
t o

Western economies.
ctoadapt

past
-Gz
-xTT
-TFz

C o n t i n u i n g  w i t h  NEPP-1983  ( w h i c h  a s s u m e s  h i g h  p r i c e s  f o r  U . S .
n a t u r a l  g a s ) , b e y o n d  1990, " - - - w o r l d  o i l  p r i c e s  a r e  e x t r e m e l y
uncerta in  and speculat ive , b u t  a r e  p r o j e c t e d  i n  r e a l  t e r m s  t o
reach between $36 and $80 per barrel by the yeas 2000 and between
$55 a n d  $110 p e r  b a r r e l  b y  2010. B y  t h a t  t i m e ,  h o w e v e r ,  t h e
emergence of  alternative energy sources (or technological  changes
that  cannot  be  ant ic ipated)  render  current  pro ject ions  o f  dubious
v a l u e . "

"One condit ioning  factor inf luenc ing  the  pro jected  range  o f  pr ice
i n c r e a s e s  d u r i n g  t h e  1990 t o  2010 t i m e  p e r i o d  i s  t h e  a s s u m p t i o n
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world production capacity in September,  1983.

T h a t  i s , as World oil  demand fluctuates,  production by non-OPEC
suppl iers  proceeds  on a b o u t  a t  f u l l  c a p a c i t y ,  a c c o r d i n g  t o  t h e
l e v e l  o f  o i l  p r i c e  a t  a n y  g i v e n  t i m e . OPEC production makes up
the deficit demand that cannot be met by non-OPEC production. If
t h e  w o r l d  d e m a n d  f o r  o i l  d r o p s  s o m e w h a t ,  n o n - O P E C  c o u n t r i e s
cont inue  producing  at  an  unabated  rate  (most  o f  the ir  o i l  can  be
prod.uced  a t  c o s t s  b e l o w  w o r l d  p r i c e s )  a n d  d e m a n d  f o r  O P E C  o i l
drops ,  barre l - for -barre l ,  wi th  wor ld  demand.

W h e n  t h i s  d r o p  i s  f a i r l y  g r a d u a l , OPEC has in the past and is
l i k e l y  t o  c o n t i n u e  i n  t h e  f u t u r e ,  t o  h o l d  t h e  p r i c e  f i r m  i n
c o n s t a n t  d o l l a r s , s o  t h a t  t h e  t r u e  c o s t  o f  o i l  d r i f t s  downwaz
w i t h  t h e  r a t e  o f  i n f l a t i o n . If  the demand droop is  more rapid,
a s  i n  l a t e  1982, OPEC must make additional adjustments to prevent
t h e  d r o p i n  d e m a n d  f r o m  d e p r e s s i n g  O P E C  p r o d u c t i o n  a n d  n e t
income. Therefore, in London in March, 1983, after much strug-
g l e , OPEC finally agreed i n t e r n a l l y  t o  d r o p  t h e i r  m a r k e r  p r i c e
f rom $34/bbl to  $29/bbl and to  ho ld  product ion  to  17.5 MMBD.

Accordingly , OPEC can confidently be expected to leave the price
o f  o i l  a t  i t s  c u r r e n t  l e v e l , u n l e s s  a  f u r t h e r  d r o p  i n  w o r l d
demand requires  further  downward ad justment . With  the  wor ld
e c o n o m y  i m p r o v i n g  a n d  o i l  s t o c k s  n o w  h a v i n g  b e e n  f a i r l y  w e l l
drawn down, i n  s p i t e  o f  c o n t i n u i n g expected  conservat ion , the
world demand for oi l  should start to increase,  reaching the point
f o r  80% o f  O P E C  c a p a c i t y  ( s a y , 26 MMBD p r o d u c t i o n  o f  32 MMBD
c a p a c i t y )  a t about the end of 1985 (based o n  NEPP-1983
assumptions). A t  t h a t  p o i n t , OPEC should begin again adjusting
its price upward in accordance with both demand and the rate of
i n f l a t i o n .

Readers should continue to keep in mind this fine balance between
two fairly large and gross quantities,  world oil  demand and world
o i l  p r o d u c t i o n  c a p a c i t y . At least under recent and present cir-
cumstances, dependent on the demand for OPEC
production w e, 1ZGXXIYYelative~sitive
q u a n t i t y . A s  s h o w n  b y  Fig.2, t h e  w o r l d  p r i c e  s h o u l d  r e m a i n
stable as long as demand for OPEC ojil remains around 80% of their
p r o d u c t i o n  c a p a c i t y . B u t  1979-1980 e x p e r i e n c e  i n d i c a t e s  t h a t ,
when demand for OPEC oil  reaches only 92% of  capacity,  the world
p r i c e  s h o u l d  r i s e  b y  50%. Then, i n  p r o c e e d i n g  o n  t o  95%, t h e
price should have risen by 100%.

Obviously,, the actual price response for an oil  demand above 80%
of  OPEC capaci ty  will depend on  wor ld  economic , internat ional ,
a n d  e m o t i o n a l  c o n d i t i o n s  a t  t h a t  t i m e . P r a c t i c a l l y ,  a n y o n e
should feel free to make his own guess. But it  should be evident
t h a t  i n  -present o r  a n y  f u t u r e  t i m e  o f  "01e-the world
xnever be  far  f rom another  100% pr ice  increase !

A s igni f i cant  d isrupt ion  o f  crude  o i l  product ion  in  any  sector  o f
the world is apt to trigger OPEC production demand beyond the 80%
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world production capacity in September,  1983.
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drops ,  barre l - for -barre l ,  wi th  wor ld  demand.
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Accordingly , OPEC can confidently be expected to leave the price
o f  o i l  a t  i t s  c u r r e n t  l e v e l , u n l e s s  a  f u r t h e r  d r o p  i n  w o r l d
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drawn down, i n  s p i t e  o f  c o n t i n u i n g expected  conservat ion , the
world demand for oi l  should start to increase,  reaching the point
f o r  80% o f  O P E C  c a p a c i t y  ( s a y , 26 MMBD p r o d u c t i o n  o f  32 MMBD
c a p a c i t y )  a t about the end of 1985 (based o n  NEPP-1983
assumptions). A t  t h a t  p o i n t , OPEC should begin again adjusting
its price upward in accordance with both demand and the rate of
i n f l a t i o n .

Readers should continue to keep in mind this fine balance between
two fairly large and gross quantities,  world oil  demand and world
o i l  p r o d u c t i o n  c a p a c i t y . At least under recent and present cir-
cumstances, dependent on the demand for OPEC
production w e, 1ZGXXIYYelative~sitive
q u a n t i t y . A s  s h o w n  b y  Fig.2, t h e  w o r l d  p r i c e  s h o u l d  r e m a i n
stable as long as demand for OPEC ojil remains around 80% of their
p r o d u c t i o n  c a p a c i t y . B u t  1979-1980 e x p e r i e n c e  i n d i c a t e s  t h a t ,
when demand for OPEC oil  reaches only 92% of  capacity,  the world
p r i c e  s h o u l d  r i s e  b y  50%. Then, i n  p r o c e e d i n g  o n  t o  95%, t h e
price should have risen by 100%.

Obviously,, the actual price response for an oil  demand above 80%
of  OPEC capaci ty  will depend on  wor ld  economic , internat ional ,
a n d  e m o t i o n a l  c o n d i t i o n s  a t  t h a t  t i m e . P r a c t i c a l l y ,  a n y o n e
should feel free to make his own guess. But it  should be evident
t h a t  i n  -present o r  a n y  f u t u r e  t i m e  o f  "01e-the world
xnever be  far  f rom another  100% pr ice  increase !

A s igni f i cant  d isrupt ion  o f  crude  o i l  product ion  in  any  sector  o f
the world is apt to trigger OPEC production demand beyond the 80%
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could  have  a  ser ious  e f fec t  on  the  wor ld  economy. These  r i ses
w o u l d  c e r t a i n l y  a f f e c t  a i r l i n e s  a d v e r s e l y . T h e  f a c t  t h a t  t h e y
occus a t  S - y e a s i n t e r v a l s  i s  n o t  s i g n i f i c a n t ;  a  f i v e - y e a s  c y c l e
w a s  t h e  b a s i s  f o r  t h e  EIA i n p u t s  t o  Fig.6. EIA p o i n t s  o u t  t h a t
i t  i s  i m p o s s i b l e  t o  p r e d i c t  t h e s e  c y c l e s  a c c u r a t e l y  i n  e i t h e r
time or magnitude. A n y  s e r i o u s  a t t e m p t  t o  d o  s o ,  a n d  t h e n  b e
wrong,  could have serious consequencies.

F o r  expmple, s u p p o s e  a n  o i l  r e f i n e r  h a d  f a i t h  i n  h i s  p r e d i c t i o n
capability and planned on a four-year business cycle as the basis
f o r  h i s  c a p i t a l  e x p e n d i t u r e s . I f  e a c h  c y c l e  covess f i v e  y e a r s ,
a f ter  ten  years , the  predic ted  cyc les  would  be  180 degrees  out  o f
phase . B u t  c y c l e s  ase n o t  a p t  t o  o c c u r  w i t h  e v e n  s p a c i n g ;  a
f o r e c a s t e r  c o u l d  e a s i l y  b e  o u t  o f  p h a s e  w i t h i n  t h e  f i r s t  c y c l e .
so r a  t e n - y e a r  p l a n  r e v i s e d  e v e r y  y e a r  i s  n o t  a  c l i c h e ;  i t  i s  a
n e c e s s i t y .

“ O i l  d i s r u p t i o n s c a n  b e  c a u s e d  b y  t e r r o r i s t  a c t s , w a r s ,  o r
po l i t i ca l  act ions  such as  the  1973 embargo . Although no one can
f o r e s e e  w h e n  s u c h  d i s r u p t i o n s  w i l l  o c c u r  o r  t h e i r  s e v e r i t y ,  w e
b e l i e v e  t h a t  t h e  p r i c e  i m p a c t s  o f  diSrUptiOnS  a r e  s h o r t  t e r m  i n
nature  with  most  o f  the  e f fects  d iss ipated  within  5  to  10 yeass.)l
(2-Z)

EIA i l l u s t r a t e s  s o m e  s p a c e d  o i l  d i s r u p t i o n  senarios i n  Fig.8.
Each disruption i s  a l l o w e d  t o  d i s s i p a t e f u l l y  b e f o r e  t h e  n e x t
occuk-s. F u r t h e r , i t  a p p e a r s  t o  t h i s  a u t h o r  t h a t  t h e  r a t e  o f
p r i c e  r i s e i s  l e s s  t h a n  m i g h t  a c t u a l l y  b e  e x p e c t e d ,  a l m o s t  a s
t h o u g h  t h e  m a r k e t  w e r e  f u l l y  awase a n d  c o n f i d e n t  o f  t h e  l a t e r
outcome. C o n s i d e r i n g  Fig.4, i f  O P E C  i s  r u n n i n g  a t  a  n o r m a l
p r o d u c t i o n  r a t e , a  SMMBD d i s r u p t i o n  o v e r  a short  per iod  would
force OPEC to full  production. I f  they  respond as  Fig.2 indi -
c a t e s , the price rise would be more l ike 100%.

Probability Disruptions

A s  d i s c u s s e d  i n  ( l - l ) , a n  e a r l y  1982 i n f o r m a l  p o l l  o f  r e s p e c t e d
f o r e i g n - a f f a i r s  a n a l y s t s  c o n c l u d e d  t h a t  a l l  a n a l y s t s  e x p e c t e d  a t
l e a s t  o n e  m a j o r  d i s r u p t i o n  i n  w o r l d  c r u d e  o i l  d e l i v e r i e s  i n  a n y
f i v e - y e a r  p e r i o d  a n d  p r o b a b l y  t h r e e  disk-uptions i n  a  t e n - y e a r
per iod . That  po l l  i s  probably  not  an  accurate  representat ion .  A
couple of  analysts advise that they know of  some who are not so
pessimistic  (as well  as others who are more pessimistic) . At the
t i m e  o f  (1-l) i t  w a s  n o t  p o s s i b l e  t o
f u r t h e r ,

i n v e s t i g a t e  t h i s  q u e s t i o n
e x c e p t  t o  f i n d  t h a t  a b o u t  h a l f  o f  t h o s e  p o l l e d  a l s o

t h o u g h t  t h e  r e s u l t i n g  o i l  p r i c e  r i s e  w o u l d  b e  a t  l e a s t  100%; t h e
o t h e r  h a l f  o p t e d  f o r  30-50%.

It had been hoped that before this present report was written,  it
would  have  been  poss ib le  to  assemble  a  representat ive  group o f
f o r e i g n - a f f a i r s  a n a l y s t s  l a r g e  e n o u g h  t o  o b t a i n  a  s t a t i s t i c a l l y
s igni f i cant  sample , t o  a n a l y z e  t h e i r  c o n c l u s i o n s ,  a n d  t o  f u r t h e r
e v a l u a t e  t h e  r e s u l t s . A d m i t t e d l y , no  matter  how eminent  the
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sources or how reliably the data are evaluated,  the results would
st i l l  be  based on  opinion o f  indiv iduals . But  i t  was  fe l t  that  a
g o o d  a n a l y s i s  o f  e x p e r t  o p i n i o n  c o u l d  b e  u s e f u l ,  l a c k i n g  a n y
better  way o f  predic t ing  the  future .

Unfortunately, it  has not been possible yet to convene this oper-
a t i o n , a l though i t  i s  expected  to  be  accompl ished  be fore  the  end
o f  1983. Because  other  in format ion  on  energy  supply ,  demand,
p r i c e s , highway f u e l s and alternat ive energy sources came
t o g e t h e r  a t  t h i s  t i m e , i t  was  conc luded better  to  complete  th is
report now, with the important omission of  the probable threat of
c r u d e  o i l  disruption, r a t h e r  t h a n  w a i t  f o r  t h o s e  r e s u l t s  a n d
decrease  the  t imel iness  o f  a l l  the  other  in format ion .

Therefore, r e s u l t s  o f  t h e  f o r e i g n - a f f a i r s  o p i n i o n s  o n  t h e  pk-Oba-
bility.of c r u d e  o i l  d i s r u p t i o n s  w i l l  b e  r e p o r t e d  l a t e r . However-,
it  should be noted that no analysts have been encountered and no
opinions h a v e  b e e n  h e a r d  t h a t  s u g g e s t  t h e  t h r e a t  o f  c r u d e  o i l
d isrupt ion  is  smal l .

I f  o n e  i s  c o n s i d e r i n g  t h e  l i k e l i h o o d  o f  c a t c h i n g  a  s e r i o u s ,
p o s s i b l y  f a t a l  d i s e a s e , (as  a ir l ines  might  regard  the  e f fect  o f  a
s e r i o u s  c r u d e - o i l  d i s r u p t i o n ) , the exact opinion on the probabi-
l i ty  o f  an  epidemic  may not  be  too  important . Pending further
information, some degree of early immunization would seem deSir-
a b l e .

Cartels

D o e s  O P E C  r e a l l y  o p e r a t e  l i k e  a  c a r t e l ,  a s  a s s u m e d  i n  t h e
previous  d iscuss ions? Apparently the answer is ,  “Yes,  mostly.”

OPEC has avai led i t s e l f  o f the best education and advice
a v a i l a b l e . They have no doubt analyzed the situations thoroughly
a n d  h a v e  d i g e s t e d  o t h e r  s i g n i f i c a n t  a n a l y s e s . They  obvious ly
h a v e  d i f f i c u l t y  i n  a c t i n g  t o g e t h e r  a s ,  i n d e e d ,  t h e i r  i n t e r e s t s
a r e  s i g n i f i c a n t l y  d i v e r g e n t .

I n t e r e s t i n g l y , while there are many studies and a formal theory
of  monopolies, there is  no organized, formal  theory  o f  carte ls .

I n  -aMarket O P E C  S t a b i l i t y ,  L e x i n g t o n  B o o k s ,
1978, D r . Ali Ezzati o f t h e  B r o o k h a v e n  N a t i o n a l  L a b o r a t o r y ,
modeled t h e  t o t a l  w o r l d  o i l  s u p p l y / d e m a n d  s i t u a t i o n , including
OPEC activity. He concluded that it  is  possible to classify OPEC
members  into  four  general  categor ies  o f  product ion  and economic
stature , b u t  t h a t  t h e s e  c a t e g o r i e s  s t i l l  l e a v e  s i g n i f i c a n t  d i f -
f e r e n c e s  i n  n a t i o n a l  o b j e c t i v e s ,  w h i c h  w o u l d  a f f e c t  a c t i o n s
within the OPEC structure. He concluded by modeling separately
the major OPEC members and lumping together only those whose
product ion  rates  cannot  great ly  a f fect  pr ice  or  product ion .

A s  a  m a t t e r  o f  i n t e r e s t ,  Ezzati e x p l o r e d  b o t h  a  “ s t a b i l i t y  g a p ”
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and a “destruction gap” for OPEC. His  stabi l i ty  gap exists  when
d e m a n d  f o r  O P E C  o i l  i s  g r e a t e r than the  product ion  rate  OPEC
members need for their  economic development programs. A t  t h e
t ime o f  h is  s tudy, h i s  s t a b i l i t y  g a p  w a s  c a l c u l a t e d  a t  a b o u t  6.6
MMBD, and one must conclude that OPEC had managed its prices and
product ion  wel l . S ince  that  t ime, the market has switched to a
destruct ion  gap, so that OPEC has been compelled to decrease both
price  and, more important,  production rate. The fact that world
o i l  p r i c e s  h a v e  n o t  f a l l e n  f u r t h e r  i s  a n  i n d i c a t i o n  t h a t ,  d e s p i t e
severe  internal  s tresses , OPEC has managed to keep its act fairly
w e l l  t o g e t h e r ,  a t  l e a s t ,  s o  f a r .

T h e  EIA a n d  o t h e r s  h a v e  p o i n t e d  o u t  t h a t  O P E C  h a s  n o t  a c t e d
di f ferent ly  than have  other  developing  countr ies  handl ing  scarce
commodit ies . OPEC has  en joyed  a  more  pervas ive  commodity ,  a
b e t t e r opportunity f o r contro l and, despite t h e i r g la r ing
di f ferences ,  probably  a  fa ir ly  s trong  common interest . They have
a l s o  h a d  a  v a l u a b l e  d i r e c t i o n  s i g n a l  b y  w a t c h i n g  s p o t  p r i c e s  i n
o i l .

Less  Deve loped  Countr ies  (LDCs) tend  to  argue  that  the  pr i ces  o f
t h e i r  p r i m a r y  g o o d s  a r e  t o o  l o w  c o m p a r e d  t o  t h e  p r i c e s  o f
manufactured  goods  which  they  must  buy . F o r  a t  l e a s t  f i f t y
years , LDCs h a v e  a t t e m p t e d  t o  s t a b i l i z e  a n d  r a i s e  t h e  p r i c e  o f
their goods through “commodity agreements” or cartels. In some
cases , such as  the  d iamond carte l , they have been resoundingly
s u c c e s s f u l . The c o n t r o l  o f p r i c e s requires c o n t r o l  o f
production Ok-, a s  i n  t h e  c a s e  o f  d i a m o n d s ,  h o l d i n g  t h e  p r o d u c t
o f f  t h e  m a r k e t . A t  h i g h e r  p r i c e s , d e m a n d  i s  r e d u c e d ,  s o  t h a t
non-carte l countr ies w i l l increase t h e i r p r o d u c t i o n  o f the
commod i ty , i f  t h e y  c a n , a n d  t h e r e  i s  m o r e  i n c e n t i v e  f o r  c a r t e l
members to cheat by increasing production.

“The  1973 embargo  marked the  f inal  t ransi t ion  o f  Middle  Eastern
oil  production management from international oi l  companies to the
o i l -producing  nat ions . These nations have different perspectives
and differe,nt needs  than the  o i l  companies  and thus  base  the ir
d e c i s i o n s  o n  a  d i f f e r e n t  s e t  o f  o b j e c t i v e s . Further, each OPEC
member  has  a  unique  combinat ion  o f  character is t i cs  which  cause
t h e  p r i c e s  a n d  q u a n t i t i e s  i t  w o u l d  f i n d  m o s t  d e s i r a b l e  t o  b e
different from the prices and quantities any other member would
f i n d  m o s t  d e s i r a b l e . L ibya , f o r  e x a m p l e , h a s  r a t h e r  l i m i t e d
k-esesves, r a t h e r  a m b i t i o u s  p o l i t i c a l  o b j e c t i v e s ,  a n d  a  r e l a t i v e l y
h i g h  popul,ation. This  means  that  Libya has  a  h igh absorpt ive
c a p a c i t y  “for r e v e n u e s . Saud i  Arab ia , o n  t h e  o t h e r  h a n d ,  h a s
s u f f i c i e n t  r e s e r v e s  t o  a l l o w  i t  t o  c o n t i n u e  t o  s e l l  o i l  w e l l  i n t o
t h e  n e x t  c e n t u r y  a s  w e l l  a s  a  r e l a t i v e l y  l o w  p o p u l a t i o n . For
Libya, there are incentives to try to maximize short-term reve-
n u e s  b y increasing p r i c e s . For Saudi Arabia, there are
incent ives  to  keep  pr ices  at  moderate  leve ls . This would allow
t h e  S a u d i s  t o  m a i n t a i n  t h e i r  l o n g - t e r m  m a r k e t  w h i l e  g r a d u a l l y
industr ia l iz ing  in  an order ly  manner .
a castel,

T o  o p e r a t e  e f f e c t i v e l y  a s
O P E C  n e e d s  t o  c o n v i n c e  a l l  m e m b e r s  t h a t  t h e y  w i l l

benef i t  f rom a  cooperat ive  e f fort  to  maintain  a  g iven price/pro-
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duction l e v e l . Recently, OPEC prices and production have fallen
dramatical ly . High pr ices  d irect ly  and indirect ly  (by  suppress -
ing e.conomic  growth) caused lower demand and higher non-OPEC pro-
d u c t i o n  t h a n  w o u l d  h a v e  o c c u r r e d  o t h e r w i s e .  T h i s  r e s u l t e d  i n
lower demand for OPEC oil. !?Ok- a  v a r i e t y  o f  r e a s o n s ,  i n c l u d i n g
t h e  f a c t  t h a t  t h e y  h a v e  t h e  m o s t  o i l  r e s e r v e s ,  a  r e l a t i v e l y  l o w
p o p u l a t i o n , low revenue  needs , a n d  a  d e s i r e  t o  s t a b i l i z e  t h e
Middle  East  and avoid  invasion or  revolut ion ,  Saudi  Arabia  has
a b s o r b e d  m u c h  o f  t h i s  l o s s . "  ( s e e  Fig.9) (2-2).

"Although OPEC has not been able to escape the problems inherent
i n  c a r t e l s , t h e  p r i c e  o f  o i l , i n  c o n s t a n t  d o l l a r s ,  i s  o v e r  f o u r
t i m e s  w h a t  i t  w a s  i n  1970 a n d  i s  p r o j e c t e d  t o  i n c r e a s e  i n  t h e
future . T h e  r e a s o n  f o r  t h i s  l i e s  p a r t l y  i n  t h e  c a r t e l ,  p a r t l y  i n
t h e  c h a n g e  o f  o i l  p r o d u c t i o n  d e c i s i o n - m a k e r s ,  p a r t l y  i n  t h e
c h a n g e  o f  e x p e c t a t i o n s  w h i c h  h a s  t a k e n  p l a c e  s i n c e  t h e  e a r l y
1970s, and partly in continued global development. Under limited
circumstances OPEC has had and will continue to have an effect on
w o r l d  o i l  p r i c e s . . . I n  t h e  1970s a n a l y s t s  b e g a n  n o t i n g  t h a t
pro jec ted o i l  p r o d u c t i o n  w o u l d soon o u t s t r i p  p r o j e c t e d o i l
reserve  addi t ions .  .  ..Whether c o r r e c t  o r  n o t ,  s u c h  ' c o n v e n t i o n a l
wisdom' h a s  a n  i m p a c t  o n  t h e  d e c i s i o n s  o f  b o t h  o i l  u s e r s  a n d
producers as they hedge against the future."  (2-2)

" D e s p i t e  t h e  t e n t a t i v e  n a t u r e  o f  t h e  a n a l y s i s ,  t h r e e  s i g n i f i c a n t
observations can be noted: (1) r e g a r d l e s s  o f  t h e  p r i c e  p a t h  o r
t h e  d i s c o u n t  r a t e , OPEC stands to make a very large amount of
money over the next 29 years; (2) p r i c e s  t h a t  a r e  c o n t i n u o u s l y
t o o  l o w  o r  t o o  h i g h  r e s u l t i n  w h a t  a r e  c o n s i d e r e d  b y  m a n y
a n a l y s t s  t o  b e  u n l i k e l y  q u a n t i t i e s  o f  O P E C  o i l  PrOduCtiOn ( t h a t
i s , l e s s  t h a n  20 MMBD o r  m o r e  t h a n  32 MMBD);  a n d (3) OPEC
r e v e n u e s  a r e  n o t  g r e a t l y  a f f e c t e d  b y  s i g n i f i c a n t  s h i f t s  i n  t h e
w o r l d  o i l  p r i c e  p a t h . T h i s  t e s t  i n d i c a t e s  t h a t  t h e  w o r l d  o i l
p r i c e s  r e s u l t i n g f r o m  o u r  a n a l y s i s  a r e  p l a u s i b l e  i n  t h a t  t h e y
produce credible OPEC revenues while causing OPEC oil production
to  remain  within  reasonable  l imits . "  (2-2)

OPEC on OPEC

How does OPEC
those who may
mater ia l . )

regard OPEC? ( T h i s  s e c t i o n  i s  i n c l u d e d  o n l y  f o r
b e  i n t e r e s t e d ; i t  d o e s  n o t  a f f e c t  t h e  f o r e c a s t

The OPEC Bulletin is produced monthly by the OPEC Public Infor-
mation Department, for internal consumption and as a public-re-
l a t i o n s  o u t p u t  t o t h e  r e s t  o f  t h e  w o r l d . I t  i s  n o t i c e a b l y
p u b l i c - r e l a t i o n s  o r i e n t e d . I t  u s u a l l y  i n c l u d e s  t w o  t o  f o u r
i m p o r t a n t  s p e e c h e s  o r  p a p e r s d e l i v e r e d  a t  t h e  i n t e r n a t i o n a l
l e v e l ; a feature article on one OPEC member country;  a "Country
P r o f i l e " on a non-OPEC country; and a  monthly  market  rev iew,
d i s c u s s i n g  p r i c e  d e v e l o p m e n t s  i n  v a r i o u s  w o r l d  a r e a s ,  t o g e t h e r
with tables and graphs of spot OPEC and non-OPEC crude oil prices
for  d i f ferent  grades  and wor ld  locat ions ; the European Market for
g a s o l i n e , naphtha and distil lates at Rotterdam and Italy;  the US
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Market; a n d  t h e  C a r i b b e a n , S i n g a p o r e  a n d  t h e  G u l f  ( A r a b i a n )
markets.

In an “Energy Talk” section, it  may include summary articles on
synfuels (such  as  the  Colony  Pro ject ) ,  on  gas  l iquefact ion ,  or  on
h o w  o i l  i s  f o u n d  a n d  p r o d u c e d . Its “Energy Survey” may have
smal l  reports  on  features  such  as , “OPEC Reserves to Last Beyond
2000 ,” how bartering is  being used by money-poor countries to get
f u e l , an oil  museum in Nigeria, t h e  B o l i v i a - B r a z i l  g a s  p i p e l i n e
( w h i c h  i t  c a l l s  “the p i p e l i n e  t h a t  b e n e f i t s  n o - o n e ” ) ,  T h e
Japan-Saudi Jubayl Petrochemical  Project , how the sagging Western
e c o n o m y  i s squeezing Soviet ambitions f o r Siberian c o a l
development, and the  l ike .

O P E C  i s  d e f e n s i v e  a b o u t  i t s  i m a g e  i n  t h e  W e s t . T h i s  i s  s e e n
o f t e n ,  a s  i n , “Campaign Against OPEC,” by Gonzalo Plaza, Director
G e n e r a l , OPEC News Agency, a t  a  r o u n d t a b l e  o n  i n t e r n a t i o n a l
petro leum under a u s p i c e s  o f  t h e  Centre f o r  O P E C  S t u d i e s  a t
C a r a c a s  o n  M a r c h  22, 1983. I n  h i s  p a p e r , P l a z a  o p e n s  w i t h ,
“ S i n c e  1973, OPEC has been the target of high-powered and hostile
p u b l i c i t y  a s  a c a r t e l  o f  i r r e s p o n s i b l e  A r a b s  w h o s e a c t i o n s
tr iggered  a  severe  recess ion  in  the  industr ia l ized  countr ies  and
pushed the Third  World i n t o  a n economic c r i s i s , v i r t u a l l y
bankrupting the poorest among its members.”

H e  g o e s  o n  t o  o b s e r v e ,  “The ‘ c a r t e l ’ c o n c e p t  i s  i n e x t r i c a b l y
a s s o c i a t e d  w i t h  a  c o l l u s i o n  o f  p r i v a t e  c o m m e r c i a l  i n t e r e s t s ,
committed to the maximum of their profits. OPEC is not a trust
o f  p r i v a t e  f i r m s  a n d  i t s  u l t i m a t e  o b j e c t i v e  i s  t o  d e r i v e  f r o m  a
f in i te  source  the  maximum poss ib le  benef i t  for  the  people  o f  i t s
Member Countries, the f i r s t and natural o b l i g a t i o n  o f any
n a t i o n . ” He contends that OPEC cannot operate as a cartel, which
m u s t  c o n t r o l  b o t h  p r i c e  a n d  p r o d u c t i o n ,  b e c a u s e  e a c h  o f  i t s
members is  a sovereign state.

He points out that Article 2 of  the OPEC Statute (1980) states:

The principle aim of the Organization shall  be the
co-ordinat ion  and uni f i cat ion  o f  the  petro leum pol i -
cies of Member Countries and the determination of the
best  means  for  sa feguarding  the ir  interests ,  indiv id -
u a l l y  a n d  c o l l e c t i v e l y .

He observes, “Far from being created to manipulate production and
prices, OPEC was founded by Iran, Iraq, Kuwait, Saudi Arabia and
V e n e z u e l a  t o  u n i f y  a n d  c o - o r d i n a t e t h e i r  p e t r o l e u m  policies
vis-a-vis t h e  manoeuvres o f  transnational o i l  c o m p a n i e s  w h i c h ,
act ing a s  a  t r u e  c a r t e l , by  co l lus ion  manipulated  product ion ,
engineered price cuts and blackmailed the producing countries one
against  the  other . (The  members  o f  the  o i l  countr ies ’  carte l  are
well known: Exxon, Shel l ,  Br i t i sh  Petro leum,  Texaco ,  Gul f ,  Mobi l ,
S t a n d a r d  O i l  o f  C a l i f o r n i a ,  a n d  o t h e r s . ) ”  ( T h e  “ s e v e n  s i s t e r s , ”
-Ed. )
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He notes that some suggest that the economic downturn stems from,
II - - - a  d e c r e a s e  i n  t h e  r a t e  o f  i n d u s t r i a l  p r o d u c t i v i t y  i n  t h e
United States and to the unprecedented budgetary d e f i c i t s
susta ined  by  i t  s ince  the  1960s."

" I n  t h i s  c h a r g e d , e m o t i o n a l  a t m o s p h e r e ,  t w o  p o w e r f u l  g r o u p s ,
represent ing  wel l -entrenched  interests , threw their weight behind
the campaign against OPEC: t h e  transnational o i l  c o m p a n i e s  a n d
t h e  g o v e r n m e n t s  o f  t h e  c o n s u m i n g  c o u n t r i e s . F o r  d i f f e r e n t
reasons, both found it  expedient and advantageous to make OPEC
t h e  s c a p e g o a t  f o r  t h e i r  m i s t a k e s i n  o r d e r  t o  d i v e r t  p u b l i c
o p i n i o n  f r o m  t h e i r  f a i l i n g s . B o t h  m a d e  u s e  o f  t h e i r  p u b l i c
r e l a t i o n s departments and spokesmen to fan the f l a m e s  o f
prejudice and slander against OPEC. The  companies  chose  th is
c o u r s e  i n  o r d e r  t o  h i d e  t h e i r  r o l e  i n  t h e  r a p i d  a n d  u n w i s e
dependence  on  imported  o i l  induced  among western  consumers  by
v i r t u e  o f  p r i c e s  s o  u n r e a l i s t i c a l l y  l o w  t h a t  c o a l  a n d  o t h e r
e n e r g y  s o u r c e s  w e r e  a l m o s t  w i p e d  o u t  o f  t h e  m a r k e t . A s  f o r
governments - in particular that of  the United States - they used
OPEC to  g loss  over t h e i r  m i s t a k e s  i n  t h e  m a n a g e m e n t  o f  t h e i r
economies."

" I t  m u s t  t h e n , b e  f o r  t h e  i n d u s t r i a l i z e d  c o u n t r i e s  a  c o n s t a n t
source  o f  i rr i tat ion  to  f ind  that  a  group o f  Arab,  Afr ican,  Lat in
American  a n d  A s i a n  m i n i s t e r s  h a v e  t u r n e d  o u t  t o  b e  b e t t e r
p o l i t i c i a n s , shrewder diplomats and astuter negotiators than the
western  representat ives , presumably more competent. I n s t e a d  o f
r e a l i z i n g  t h a t  t h e  e r a  h a s  p a s s e d  w h e n  p o l i t i c a l  l e a d e r s h i p ,
economic wealth and military power were all concentrated in a few
countr ies  o f  the  northern  hemisphere , t h e  N o r t h  o p t e d  f o r  t h e
l e s s  d i g n i f i e d  r e a c t i o n :  i n s u l t ,  s l a n d e r ,  s c o r n  a n d  r i d i c u l e . "

Plaza stresses that OPEC is n o t  a n o r g a n i z a t i o n  o f Arab
countr ies , p o i n t i n g  o u t  t h a t ,  w h i l e  A l g e r i a ,  I r a q ,  L i b y a ,  Q a t a r ,
S a u d i  A r a b i a  a n d  t h e  UAR a r e  A r a b ,  t h e  n o n - A r a b  s t a t e s  o f
Ecuador,  Gabon, Indonesia,  Iran, Niger ia  and Venezuela  ho ld  84%
o f  OPEC's p o p u l a t i o n . (He does not mention that the Arab states
produce most of OPEC's oil-Ed.1

Views of  Saudi Arabia are reported weekly in Saudi Press,
"Major News Events," usually summarizing remarks by King Fahd and
members of  the royal family and the government. This document
may be  obta ined  on  request f r o m  S a u d i  P r e s s  Age%, 1155 15th
S t r e e t ,  N.W., Suite  1111, Washington,  D.C. 20005.

For e x a m p l e ,  i n the J u l y  25 issue under, "Saudi Press
E d i t o r i a l s , " it  reports from the following Saudi papers:

Al-Medina-Jeddah: Reported King Fahd's e f f o r t s  t o heal
d i f ferences  among Is lamic  countr ies . "King Fahd's comments on
h o l y  J e r u s a l e m  a n d  i t s  m i s e r a b l e  f a t e  w a s  d e s i g n e d  t o  r e m i n d
Mu&ems al l  eves the  wor ld  o f  the ir  re l ig ious  and moral  com-
mitments which they have forgotten for so long."
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Al-Jazerah- 'Riyadh: C o n d e m n e d  t h e  I s r a e l i  d e c i s i o n  f o r  p a r t i a l
withdrawal in Lebanon as a challenge to the will  of  the Lebanese
people, not c o n f o r m i n g  t o the previous agreement on tSOOp
withdrawal signed by Israel,  Lebanon and the U.S.  (Mentions the
U.S. is preoccupied with p r e s i d e n t i a l e l e c t i o n campaigns.)
Israel is  the only power benefiting from new fighting in Lebanon,
which  is  threatening a  f u l l  c i v i l  w a r , p l a n n i n g  f o r  I s r a e l  t o
annex the southern parts of Lebanon.

Al-R-:
mferences

Commended the PLO Chairman for solving Palestine
and f o i l i n g p l o t s  t o damage the Organization.

S e c u r i t y  i s  t h r e a t e n e d  n o t  o n l y  f r o m  a b r o a d ,  b u t  f r o m  i n t e r n a l
Arab  d i f ferences .

Al-Yom-Damman: Deplored U.S. supply  o f  arms to  Israe l ,  a  double-
standard pol icy . " I t  went  on  to  say  that  ne i ther  the  Americans
n o r  t h e  R u s s i a n s  w e r e  i n t e r e s t e d  i n  r e a l i z i n g  p e a c e  i n  t h e
r e g i o n . "

Al-Medina-Jeddah: Reported King Fahd's c a l l  t o Muslems,
wor ldwide , t o  r e t u r n  t o  I s l a m i c  f o l d  a n d  "...adhere t o  t h e
subl ime fa i th . "

Okaz-Jeddah: A c c u s e d  t h e  U . S .  o f  a t t e m p t i n g  t o  l i q u i d a t e  t h e
Palestinian s t r u g g l e  b y  r e f u s i n g  t o  t a l k  t o  l e a d e r s  a b o u t  t h e i r
r i g h t s . The U.S. agrees  with  Israe l ' s  p lans  to  destroy  the  PLO
and to  enforce  Israe l i  condi t ions  on  the  West  Bank. The paper
ca l ls  on  Arab  nat ions  to  rev ise  the ir  t ies  with  the  U.S .  because
o f the wrong f o u n d a t i o n s  o f  U . S . p o l i c y , whichII w i l l ,

- - - c e r t a i n l y  o p e n  t h e  d o o r  f o r  t h e  S o v i e t s  t o  r e t u r n  a s  a n
i n f l u e n t i a l  f o r c e  i n  t h e  r e g i o n . "

I n  a  s t a t e m e n t ,  " P u t t i n g  t h e  R e c o r d  S t r a i g h t , "  O P E C  B u l l e t i n ,
July 1983, Dr.  Marc S. Nan Nguema, ret i r ing  Secretary  General o f
OPEC, expressed many similar thoughts to a briefing of Vienna-
based  correspondents  on  June  22, 1983 at  the  OPEC Secretar iat .
While he commends some correspondents fOL-
commented,

o b j e c t i v i t y ,  h e
"OPEC is  news only  when i t  ad justs  o i l  pr ices . OPEC

C o n f e r e n c e s  a r e  a t t e n d e d  b y  t h e  W e s t e r n  w o r l d ' s  m e d i a ,  n o t  t o
hear about what OPEC Member Countries are doing about co-opera-
t i o n  b e t w e e n  i n d u s t r i a l i z e d  a n d  d e v e l o p i n g  c o u n t r i e s ,  a b o u t  a i d
t o  t h e  p o o r e s t  n a t i o n s ,  a b o u t  h e a l t h , e d u c a t i o n  a n d  f o o d  i n
d e v e l o p i n g  c o u n t r i e s .  N o : i t  i s  one  theme and one  theme a lone
that brings the top names in world journalism to OPEC's bi-annual
C o n f e r e n c e s  - o i l  p r i c e s . "

DS. Nguema p r a c t i c a l l y  e c h o e d  P l a z a ' s remarks about OPEC's not
b e i n g  A r a b  o r  r e s p o n s i b l e  f o r  t h e  w o r l d  e c o n o m i c  c r i s i s . "The
immediate and crucial  factor which compelled OPEC drastically to
adjust  pr ices  in  1973 and 1974 was  the  gal loping  inf lat ion  in  the
i n d u s t r i a l i z e d  c o u n t r i e s , where an economic boom was raising the
prices of  industrial  goods imported by OPEC countries and causing
the purchasing power o f  t h e i r  o i l  r e v e n u e s  t o  d e c l i n e  s h a r p l y .
T h e  r e a l  c a u s e  o f  t h e  ' o i l  s h o c k ' w a s  t h e  f a i l u r e  t o  a l l o w  o i l
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p r i c e s  t o  r i s e  i n  l i n e  w i t h  t h e  p r i c e s  o f  o t h e r  c o m m o d i t i e s .  It
w a s  t h a t  a r t i f i c i a l l y  l o w  p r i c e  w h i c h  c r e a t e d  t h e  d a n g e r o u s
i l l u s i o n i n  t h e  W e s t , t h a t  c r u d e  o i l  w a s  a n  i n e x h a u s t i b l e
resource which could be squandered at will ."

DL'. Nguema goes on to contend that OPEC is not wealthy and, while
i t  i s  a l s o  n o t  A r a b ,  h e  s p e n d s  s o m e t i m e  praising  A r a b  c u l t u r e
a n d  t h e  f a c t  t h a t  A r a b  s c h o l a r s h i p  p r e s e r v e d  a r t s  a n d  s c i e n c e s
while Europe was still in the Dark Ages.

F ina l l y , nEvery d a y  t h e  n a t i o n s o f  the  wor ld  are  becoming  more
i n t e r d e p e n d e n t , a n d  t h i s  i s  a  g o o d  t h i n g ,  f o r  i n  i t  l i e s  t h e
f u t u r e  o f  u s  a l l . A s  j o u r n a l i s t s , you have a unique role to play
in  this  regard , for you are the opinion-makers. People read and
believe what you write. Please try to do justice to OPEC in your
report ing ; p l e a s e  t r y  t o  b e  f a i r  a n d  o b j e c t i v e  - w e  a s k  n o  m o r e
than that."

On the same program and also in the OPEC Bulletin,  his talk was
f o l l o w e d  b y  a n address from Dr. Awni Shakir Al-Ani, A s s i s t a n t
Director of the OPEC Fund for International Development, entit-
l e d , "OPEC Aid Goes to Poorer and Less Developed Countries."

Other Views on the International Oil Future

A l s o  i n  t h e  J u l y  1983 i s s u e  o f  t h e  O P E C  B u l l e t i n ,  D r .  Ulf
Lantzke, E x e c u t i v e  D i r e c t o r  o f  t h e  IEA ( I n t e r n a t i o n a l  E n e r g y
Agency), was quoted as having said the oil  market would be,  "-- -
r e l a t i v e l y  e a s y  o v e r t h e  n e x t  t h r e e  o f  f o u r  y e a r s ,  w i t h  e i g h t  m
b/d  spare  capac i ty , which could help economic recovesy." But the
m a r k e t  w i l l  g r a d u a l l y  t i g h t e n  b e t w e e n  1987 t o  1990, reaching  a
" t i g h t "  b a l a n c e , with spare capacity of  only two or three m b/d.

I n  T h e  O i l  a n d  G a s  J o u r n a l ,  S e p t .  12, 1983, " L o n g  D e c l i n e  i n- -
W o r l d  O i l  O u t p u t  B e g i n s  t o  L e v e l  O f f , " t h e  a r t i c l e  p o i n t s  o u t
that  wor ld  product ion i n  t h e  f i r s t  h a l f  o f  1983 a v e r a g e d  51.2
MMBD, o f f  2.9% f r o m  l a s t  y e a r . " T h a t ' s  t h e  l o w e s t  l e v e l  i n  10
y e a r s  a n d  17.2% b e l o w  t h e  p e a k f i r s t  h a l f  a v e r a g e  o f  51.794
m i l l i o n  b / d  i n  1979. S t i l l , i t ' s  an  improvement  f rom the  8.7%
s l i d e  b e t w e e n  f i r s t  h a l f  1981 a n d  f i r s t  h a l f  1982." World
production is  almost sure to show an increase  dur ing  the  second
h a l f  o f  1983, w i t h  s l o w  b u t  s t e a d y  r e c o v e r y  f r o m  t h e  w o r l d ' s
recession and reduction in world inventories.

"There  i s  cons iderable  amount  o f  shut  in  product ion  in  countr ies
t h a t  a r e  m e m b e r s  o f  t h e  O r g a n i z a t i o n  o f  P e t r o l e u m  E x p o r t i n g
Countries. A s  i n  o t h e r  y e a r s , OPEC had to swallow most of the
wor ld ' s  product ion  dec l ine . T h i s  y e a r  t h e  o r g a n i z a t i o n  f o r  t h e
f i r s t  t i m e  c u t  o f f i c i a l  p r i c e s  a n d  i m p o s e d  a  17.5 m i l l i o n  b / d
p r o d u c t i o n  c e i l i n g .  (OGJ, M a r .  21, p. 641." "Non-OPEC produc-
t i o n , which has increased steadily for more than a decade,  ave-
r a g e d  a  r e c o r d  35.4 m i l l i o n  b / d  d u r i n g  t h e  f i r s t  h a l f ,  u p  3.9%
f r o m  l a s t  y e a r ' s  f i r s t  h a l f . That helped reduce OPEC's share of
world production to 31.1%, l o w e s t  i n  t h e  o r g a n i z a t i o n ' s  h i s t o r y . "
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p r i c e s  t o  r i s e  i n  l i n e  w i t h  t h e  p r i c e s  o f  o t h e r  c o m m o d i t i e s .  It
w a s  t h a t  a r t i f i c i a l l y  l o w  p r i c e  w h i c h  c r e a t e d  t h e  d a n g e r o u s
i l l u s i o n i n  t h e  W e s t , t h a t  c r u d e  o i l  w a s  a n  i n e x h a u s t i b l e
resource which could be squandered at will ."

DL'. Nguema goes on to contend that OPEC is not wealthy and, while
i t  i s  a l s o  n o t  A r a b ,  h e  s p e n d s  s o m e t i m e  praising  A r a b  c u l t u r e
a n d  t h e  f a c t  t h a t  A r a b  s c h o l a r s h i p  p r e s e r v e d  a r t s  a n d  s c i e n c e s
while Europe was still in the Dark Ages.

F ina l l y , nEvery d a y  t h e  n a t i o n s o f  the  wor ld  are  becoming  more
i n t e r d e p e n d e n t , a n d  t h i s  i s  a  g o o d  t h i n g ,  f o r  i n  i t  l i e s  t h e
f u t u r e  o f  u s  a l l . A s  j o u r n a l i s t s , you have a unique role to play
in  this  regard , for you are the opinion-makers. People read and
believe what you write. Please try to do justice to OPEC in your
report ing ; p l e a s e  t r y  t o  b e  f a i r  a n d  o b j e c t i v e  - w e  a s k  n o  m o r e
than that."

On the same program and also in the OPEC Bulletin,  his talk was
f o l l o w e d  b y  a n address from Dr. Awni Shakir Al-Ani, A s s i s t a n t
Director of the OPEC Fund for International Development, entit-
l e d , "OPEC Aid Goes to Poorer and Less Developed Countries."

Other Views on the International Oil Future

A l s o  i n  t h e  J u l y  1983 i s s u e  o f  t h e  O P E C  B u l l e t i n ,  D r .  Ulf
Lantzke, E x e c u t i v e  D i r e c t o r  o f  t h e  IEA ( I n t e r n a t i o n a l  E n e r g y
Agency), was quoted as having said the oil  market would be,  "-- -
r e l a t i v e l y  e a s y  o v e r t h e  n e x t  t h r e e  o f  f o u r  y e a r s ,  w i t h  e i g h t  m
b/d  spare  capac i ty , which could help economic recovesy." But the
m a r k e t  w i l l  g r a d u a l l y  t i g h t e n  b e t w e e n  1987 t o  1990, reaching  a
" t i g h t "  b a l a n c e , with spare capacity of  only two or three m b/d.

I n  T h e  O i l  a n d  G a s  J o u r n a l ,  S e p t .  12, 1983, " L o n g  D e c l i n e  i n- -
W o r l d  O i l  O u t p u t  B e g i n s  t o  L e v e l  O f f , " t h e  a r t i c l e  p o i n t s  o u t
that  wor ld  product ion i n  t h e  f i r s t  h a l f  o f  1983 a v e r a g e d  51.2
MMBD, o f f  2.9% f r o m  l a s t  y e a r . " T h a t ' s  t h e  l o w e s t  l e v e l  i n  10
y e a r s  a n d  17.2% b e l o w  t h e  p e a k f i r s t  h a l f  a v e r a g e  o f  51.794
m i l l i o n  b / d  i n  1979. S t i l l , i t ' s  an  improvement  f rom the  8.7%
s l i d e  b e t w e e n  f i r s t  h a l f  1981 a n d  f i r s t  h a l f  1982." World
production is  almost sure to show an increase  dur ing  the  second
h a l f  o f  1983, w i t h  s l o w  b u t  s t e a d y  r e c o v e r y  f r o m  t h e  w o r l d ' s
recession and reduction in world inventories.

"There  i s  cons iderable  amount  o f  shut  in  product ion  in  countr ies
t h a t  a r e  m e m b e r s  o f  t h e  O r g a n i z a t i o n  o f  P e t r o l e u m  E x p o r t i n g
Countries. A s  i n  o t h e r  y e a r s , OPEC had to swallow most of the
wor ld ' s  product ion  dec l ine . T h i s  y e a r  t h e  o r g a n i z a t i o n  f o r  t h e
f i r s t  t i m e  c u t  o f f i c i a l  p r i c e s  a n d  i m p o s e d  a  17.5 m i l l i o n  b / d
p r o d u c t i o n  c e i l i n g .  (OGJ, M a r .  21, p. 641." "Non-OPEC produc-
t i o n , which has increased steadily for more than a decade,  ave-
r a g e d  a  r e c o r d  35.4 m i l l i o n  b / d  d u r i n g  t h e  f i r s t  h a l f ,  u p  3.9%
f r o m  l a s t  y e a r ' s  f i r s t  h a l f . That helped reduce OPEC's share of
world production to 31.1%, l o w e s t  i n  t h e  o r g a n i z a t i o n ' s  h i s t o r y . "
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d i f f i c u l t OPEC agreement  on lowered quotas; during long
negot iat ions , prices could plummet. "Oi l  demand is  the  var iable
that OPEC--and other producers-- w i l l be  watching  very  c lose ly . "

( A  g o o d  t i m e t o  i n t r o d u c e  n a t u r a l  g a s  d e r e g u l a t i o n  i n  t h e
U.S.-Ed.)

From Exxon News, September, 1983, "In 1983, the demand for oil  in
t h e  n o n - C o m m u n i s t  w o r l d  i s  e x p e c t e d tc b e  a b o u t  45 m i l l i o n
b a r r e l s  a  d a y , d o w n  o n l y  s l i g h t l y  f r o m  l a s t  y e a s . However,
demand should bottom out this year, then turn modestly upward in
1984 as the economic recovery gains momentum." The OPEC crude
o i l  p r i c e  o f  $29 a  b a r r e l  s h o u l d  c o n t i n u e  t o  h o l d  s t e a d y . "The
weak demand for natural gas is holding down 1983 PrOdUCtiOn, and
i t  i s  l i k e l y  t o  r e m a i n  a t  t h e  c o m p a n y ' s  v o l u m e  o f  5.7 b i l l i o n
c u b i c  f e e t  a  d a y . B y  t h e  mid-1980s, e c o n o m i c  r e c o v e r y  i n  t h e
U.S. and Europe  should  lead  to  an  expansion  in  Exxon 's  natural
gas output."

In  a  Petro leum Review art i c le , nBy 1984 O i l  N e e d s  C o u l d  E x c e e d
OPEC Quotas," G e o f f r e y  Mayhew i n t e r v i e w e d  D r .  H e r m a n  FranSSen,
Chief Economist of  the International Energy Agency (IEA).

On the importance of the March 1983 OPEC meeting in London, Dr.
Franssen comments,  "Very significant. The OPEC pk-oduction agree-
ment of March, and the subsequent action taken by the UK, has had
a  stabilising e f f e c t . . . I t  w a s  s i g n i f i c a n t  t h a t  a  f o r m u l a  w a s
found by BNOC (British National Oil  Company) that did not under-
mine OPEC, and i t  was  s igni f i cant  that  major  o i l  companies  were
n o t  g o i n g  t o  w r e c k  i t . . . an all-out price war would not have ser-
ved the ends of  any producer. Demand for  o i l  could  not  p ick  up
to make for losses incurred."

" I t  ( t h e  U K )  i s  n o t  n e c e s s a r i l y  a d v e r s e  t o  l o w e r  o i l  p r i c e s ,  b u t
i t  i s  o p p o s e d t o  m a j o r  s h o c k s  w h i c h  w o u l d  de-stabilise t h e
market."

"We see an apparent decline in OECD demand of  8 per cent in the
f i r s t  q u a r t e r  o f  t h i s  y e a r ,  b u t - - - i n  t h e  f o u r t h  q u a r t e r  o f  1983
we expect  an increase  compared  with  a  year  ago . - - -Consumption
w i l l , however, c o n t i n u e  t o  r i s e , w i t h  e c o n o m i c  r e c o v e r y ,  i n
1984 .  ..Preliminary guesstimates suggest a two percent increase in
1984 .'I

"The general c o n s e n s u s  s u g g e s t s  t h a t  b y  t h e  t h i r d  q u a r t e r  t h e
demand for  OPEC o i l  may be  just  be low or  just  above  the  March
quotas. But the fourth quarter demand for OPEC oil  is  l ikely to
be substantially above the agreed-upon quotas....it will  be much
e a s i e r  t o maintain p r i c e stability....This would probably
continue through the winter of  1983-84. By Spring, 1954, demand
f o r  O P E C  o i l  w i l l  d e c l i n e  a g a i n  d u e  t o  n o r m a l  s e a s o n a l  f a c t o r s
but normal OPEC oil demand for 1984 should be well above the 1983
l e v e l . O n e  o f  t h e  p r i n c i p a l  r e a s o n s i s  t h a t  f o l l o w i n g  t h i s
y e a r ' s  s t o c k  d r a w  t h e r e  w i l l  b e  v e r y  l i t t l e  r o o m  f o r  s t o c k  d r a w
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i n  1984...'

EIA d o e s  n o t  s p e c u l a t e  o n  p r i c e  l e v e l s ,  b u t  Sheikh Yamani i s
reasonable in assuming that prices will  remain unchanged in 1984.

Ever since 1979 oil  analysts have over-estimated consumption and
under-estimated stock changes and non-OPEC production, conse-
quently over-estimating the demand for OPEC production. "So you
cannot  b lame OPEC for  gett ing  i t  wrong. " T h e  d u r a t i o n  o f  t h e
recess ion has been under-estimated and there have been
signi f i cant  s tructural  changes  in  industr ia l  demand. "Therefore
OPEC was  not  a lone  in  miscalculat ing  ca l ls  on  i ts  o i l . "

"We have  gone  f rom a  era  o f  over -opt imism - the  '50s to  ear ly  70s
- to  one  o f  extreme pess imism - the  mid  '70s to  ear ly  '80s - and
I  fear  we  are  now enter ing again  a  per iod  o f  extreme opt imism
concerning long-term oil  market developments. While the current
outlook suggests we are l ikely to have several years of  downward
pressure  on  pr ices ,  th is  may not  last . "

"A great many e f f o r t s  o n  c o n s e r v a t i o n  m a y  n o t  n o w  t a k e  p l a c e .
The  development  o f  a l ternat ive sources  o f  energy  may now s low '
down. A good example is  the synthetic oi l  industry which looked
so promising in 1981 and the future of  which looks dismal indeed.
B y  t h e  e a r l y  1990s w e  c o u l d  b e c o m e  v e r y  v u l n e r a b l e  a g a i n  t o
strong upward price pressures due to the resulting supply demand
equat ion . "

World Bank: H o b a r t  Rowen i n , "20% O i l  P r i c e  R i s e  F o r e c a s t  b y
Mid-'90s," The Washington Post, July 25, 1983: ' T h e  p r i c e  o f  o i l
i s  expected  to  r i se  20 percent  above  i ts  1981 peak by  the  mid-
1990s, w i t h  t h e  O r g a n i z a t i o n  o f  P e t r o l e u m  Exporting C o u n t r i e s '
carte l  cont inuing  to  be  the  main  suppl ier  to  consuming nat ions ,
according to the World Bank." (Before concluding that the World
B a n k  i s  o u t  o f  s t e p  w i t h  t h e  o t h e r  f o r e c a s t s ,  n o t e  t h a t  t h i s
c o m m e n t  i s  a i m e d  a t  t h e  mid-1990s l e v e l .
well  with the current EIA secast.1

I t  therefose a g r e e s

T h i s  a u t h o r  c a n n o t  r e s i s t  c o m m e n t i n g ,  h o w e v e r ,  t h a t  i f  t h e  EIA
f o r e c a s t s  l o w e r  p r i c e  r i s e s  f o r  n a t u r a l  g a s  i n  NEPP-1984  t h a n  i n
NEPP-1983, t h e  W o r l d  B a n k  a n d  o t h e r  f o r e c a s t s  a r e  l i k e l y  t o  b e
too  h igh  on  fue l  pr i ces .

T h e  W o r l d  B a n k  f o r e c a s t  c o n f i r m s  o t h e r  v i e w s  t h a t  l o w e r  o i l
pr i ces  o f  the  past  two  years  have  been due  to  recess ion  and that
improved  economic a c t i v i t y  w i l l  d e m a n d  m o r e o i l ,  " - - - a n d  a
r e s u m p t i o n  o f  a  s t r o n g O P E C  i n f l u e n c e  o n  t h e  w o r l d  p r i c i n g
s t r u c t u r e  f o r  p e t r o l e u m . " B u t  t h e  B a n k  e x p e c t s  i n  mid-1990s
T h i r d  W o r l d ,  p o o r c o u n t r i e s  t o  r e g a i n  m o s t  o f  t h e  e c o n o m i c
momentum they had developed in the 1960s. Despi te  conservat ion ,
t h e  B a n k  e x p e c t s  t h a t  t h e  " l o n g  t e r m  d e p e n d e n c e "  o f  i n d u s t r i a l
companies  on o i l w i l l not diminish s u b s t a n t i a l l y . After
i n f l a t i o n , the  Bank forecast  shows a  rea l  pr i ce  increase  o f  1.6%
a yeas between 1982 and 1995.
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L i k e  t h e  EIA a n d  o t h e r s ,  t h e  W o r l d  B a n k ,  "---did n o t  t a k e  i n t o
account  the  potent ia l  impact  o f  supply  increases  i f  the  Iran-
Iraq  war  i s  conc luded. " OPEC members will remain the main Oil
e x p o r t e r s  b e c a u s e  b o t h  U . S . a n d  N o r t h  S e a  p r o d u c t i o n  s h o u l d
d e c l i n e .

The Outlook Book-1983, by McDonnell  Douglas,  forecasts the world
economic prospects, including f i n a n c i a l  o u t l o o k  a n d  t h e  e n e r g y
a n d  j e t  f u e l  o u t l o o k s . I n  a d d i t i o n ,  i t  p r e s e n t s  r e g i o n a l
analyses  for  Afr ica ,  the  Americas ,  As ia -Pac i f i c ,  Europe ,  and the
Middle East. I t  p o i n t s  o u t  t h a t  t h e  U . S .  f a r e d  w o r s e  t h a n  t h e
world average in 1978-1982, that the recovery had already started
h e r e  ( e a r l y  1983), and that  i t  was  expected  to  extend to  Europe
in  late  spr ing  or  ear ly  summer ,  but  remain  modest . It is not
o p t i m i s t i c  f o r  w o r l d  e c o n o m i c  g r o w t h  i n  t h e  1980s, c o m p a r e d  t o
the 1950s, which was substantially lower than for the 1960s. For
the  wor ld  growth rates  in  the  1960s, 1970s, and 1980s, they  g ive ,
r e s p e c t i v e l y ,  5.2%, 3.6% a n d  2.8%; a n d ,  f o r  t h e  U . S . ,  3.9%, 3.1%
and 2.4%.

The Douglas report i n c l u d e s  a  f a i r l y  t h o r o u g h  a c c o u n t  o f  w o r l d
a n d  f u e l  a f f a i r s  f r o m  t h e  1978-79 o i l  s h o c k ,  c u l m i n a t i n g  i n  t h e
OPEC March 1983 London meeting and reduction of the OPEC marker
p r i c e  t o  $29/bbl. But Douglas i s  d o u b t f u l  t h e  $29 p r i c e  w i l l
survive internal OPEC friction, Iran and Iraq war financial re-
quirements, a s  w e l l  a s  a n  a g g r e s s i v e  S o v i e t  o i l  e x p o r t  p o s i t i o n .
Although Douglas notes there are f o r c e s  w o r k i n g  t o  k e e p  t h e  $29
i n t a c t , t h e y  c o n c l u d e d  ( a t  t h e  t i m e  o f  t h e  r e p o r t ) t h a t  t h e s e
s t a b i l i z i n g  f o r c e s  a r e  l e s s  l i k e l y  t o  p r e v a i l . Nevertheless,  the
D o u g l a s  c r u d e  o i l  p r i c e  f o r e c a s t  b o t t o m s  o u t  a t  $28.92 i n  1983,
i n  c u r r e n t  d o l l a r s , a n d  a t  $27.64 i n  1985, i n  c o n s t a n t  1983
d o l l a r s , $2 h i g h e r  t h a n  t h e  EIA f o r e c a s t  o f  NEPP-1983. Douglas
f o r e c a s t s  a r e  s h o w n  i n  Fig.10 f o r  c r u d e  p r i c e s  a n d  i n  Fig.11 f o r
J e t  f u e l  p r i c e s .

In  the  Texaco  Star ,  No.1, 1983, John K. McKinley ,  Chairman and
CEO, o b s e r v e s  t h a t , with  world  supply  and demand in  favorable
balance , the power of  the oi l  exporting countries has been eroded
s u c h  t h a t  n o  s i n g l e  c o u n t r y ,  o t h e r  t h a n  S a u d i  A r a b i a , can now
c a u s e  a  w o r l d  o i l  c r i s i s . Free  wor ld  petro leum demand has
d e c l i n e d  f r o m  i t s  p e a k  o f  52.0 MMBD i n  1979 t o  45.3 MMBD i n  1982.

I n  t h e  C h e v r o n  A n n u a l  Report, " A f t e r  e x p e r i e n c i n g  s o m e  s e v e n
d e c a d e s  o f  s t e a d i l y  i n c r e a s i n g  d e m a n d  f o r  e n e r g y ,  t h e  i n d u s t r y
e n t e r e d  a  n e w  t r e n d  i n  1981,- a n d  w i l l  l i k e l y  b e  f a c e d  b y  o n l y
modest  growth in  energy  consumption  throughout  the  remaining
y e a r s  o f  t h i s  c e n t u r y . - - - B a r r i n g  m a j o r  g e o p o l i t i c a l  p r o b l e m s  i n
t h e  s t r a t e g i c  M i d d l e  E a s t ,  s t i l l  a  l a r g e  s o u r c e  o f  t h e  w o r l d ' s
crude, we expect oi l  supplies to exceed demand for some time."

A t l a n t i c  R i c h f i e l d : The free World oi l  demand of
45.5 MMBD i n  1982 w a s  4% b e l o w  1981 a n d  a b o u t  12.5% b e l o w  t h e
1979 p e a k  o f  52 MMBD.  U . S . o i l  i m p o r t s  d r o p p e d  a l m o s t  29% i n
1932 to  4.2 MMBD,  but  s t i l l  are  more  than a  quarter  o f  to ta l  U.S .
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oil demand. But in the dropping market,  ARC0 increased produc-
t i o n , l a rge ly  in  A laska ; Prudhoe Bay product ion  should  cont inue
at  about  1.5 MMBD through at  least  1987.

T h e  U n i o n  O i l  A n n u a l  R e p o r t  m a r k s  t h e i r  f i r s t  y e a r - t o - y e a r
i n c r e a s e  i n  w o r l d - w i d e  c r u d e  O i l  PrOdUCtiOn  s i n c e  1973. 'I We
e s t i m a t e  t h a t  a  p o t e n t i a l  o f  FiClfl m i l l i o n  a d d i t i o n a l  b a r r e l s  o f
crude  o i l  can  be  produced  through the  cont inued  use  o f  thermal
and tertiary enhanced recovery methods. These potential  reserves
w i l l  b e  a d d e d  t o  t h e  p r o v e d c a t e g o r y  a s enhanced
projects are implemented."

r e c o v e r y

Marathon Oi l  Annual  Report :
Canadian oil , natural gas and
of  operat ion  in  that  country .
reduced  the  at tract iveness  o f
w a s  e v i d e n t  t h a t  M a r a t h o n ' s
pro f i tably  e lsewhere . "

"In A p r i l , t h e  c o m p a n y  s o l d  i t s
m i n e r a l  i n t e r e s t s ,  e n d i n g  34 y e a r s

Government policies in Canada had
investment  prospects  there ,  and  i t
r e s o u r c e s  c o u l d  b e  u t i l i z e d  m o r e

Standard of  Ohio (Amoco) Annual "Our 1982 e x p e r i e n c e
supports our belief  that large amounts of  hydrocarbons remain to
be found in the United States and the rest of  the world."

S h e l l  A n n u a l  Rew ( U S )  c o n c l u d e s  t h a t  o i l  p r i c e s  c a n n o t  b e

At Shell  Transport and Trading's Annual General Meeting at Shell
Centre, L o n d o n ,  o n M a y  19, Chairman Sir Peter Baxendell
commented, "FOk- t h e  o i l  b u s i n e s s , the agreement among members of
OPEC in  March o f  th is  yeas
q u a l i t y  d i f f e r e n t i a l s ,

o n  l o w e r  o f f i c i a l  o i l  p r i c e s ,  o n
and on production quotas,  checked some of

the widespread speculation on oil  price prospects,  and went some
way  towards  c r e a t i n g  a  c l i m a t e  w h i c h  h a s ,  s o  f a r ,  p r e v e n t e d  a n y
further  s igni f i cant  dec l ine  in  spot  market  pr ices . We cannot yet
te l l  whether  the  new pr ice  s tructure  wi l l  ho ld :  that  depends  on
whether it meets the aspirations of the various OPEC members and
w h e t h e r  i t  h a s  b r o u g h t  t h e  n e c e s s a r y  d e g r e e  o f  s t a b i l i t y  t o  t h e
o i l  markets . "

" I t  i s  s t i l l  i m p o s s i b l e  t o  analyse i n  d e t a i l  w h a t  p r o p o r t i o n  o f
the oil demand drop since 1979 has resulted from the economic and
industr ia l  mala ise  o f  recent  years , and how much from a permanent
change in consumption patterns.
the  potent ia l  for  demand revival . "

Thus  we  can  only  speculate  on

Gul f  Annual  Report  s tates  that  Gul f  i s  withdrawing f rom most  o f
i t s  bus inesses  overseas . Like  other  U.S .  companies ,  i t  be l ieves
large  quant i t ies  o f  petro leum reserves  remain  to  be  found in  the
U.S. and that they can be developed successfully and competitive-
ly,  with greater opportunity and security than abroad.

E x x o n  A n n u a l  Report n o t e s  t h a t  w o r l d  p r e s s u r e s  t o  r e d u c e  o i l
c o m e  f r o m  t h e  r e c e s s i o n , c o n s e r v a t i o n , a n d  f u e l

s u b s t i t u t i o n ; growth of  GNP is no longer tied directly to energy.
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II - - -Coal  demand is  expected  to  grow faster  than o i l  demand over
the  balance  o f  th is  century . On the other hand, the outlook for
synthet ic  fue ls  has  radica l ly  changed in  a  year ’ s  t ime because  o f
t h e i r  g r e a t e r e x p e c t e d  c o s t  a n d  t h e  p r o s p e c t  f o r  a m p l e  o i l
s u p p l i e s  o v e r  t h e  n e x t  f e w  y e a r s . ” (This  may indicate  Exxon ’s
immediate view of  their interrupted Colony Project-Ed.)

Exxon’s pamphlet, How Much Oil and Gas, of May, 1982, points out
h o w  m u c h  e x p e r t s  h a v e  d i s a g r e e d  o n  t h e  w o r l d ’ s  o i l  r e s o u r c e
f o r e c a s t s . “A good example was provided by the 1977 World Energy
C o n f e r e n c e  (WEC), a t  w h i c h  t w e n t y - s e v e n  p e t r o l e u m  c o u n t r i e s ,
government agent ies and individual consul tants submitted
project io.ns . n Noting that the total  world history of  accumulated
o i l p r o d u c t i o n i s  700 b i l l i o n  b a r r e l s ,  WEC’s e s t i m a t e s  o f
r e m a i n i n g  a v a i l a b l e  o i l  r a n g e d  f r o m  a b o u t  3,090 t o  7,000 b i l l i on
b a r r e l s  o i l  e q u i v a l e n t . E x x o n ’ s  s t a t i s t i c a l  c h a r t  o f  t h e s e  WEC
submittals is  shown in Fig.12.

“ A p p l y i n g  s t a t i s t i c a l  a n a l y s i s  t o  t h o s e  e x p e r t s ’  v i e w s  i n d i c a t e s
the mean - o r  m o s t  l i k e l y  - r e s u l t  t o  b e  a r o u n d  4,500 b i l l i o n
b a r r e l s . I t  a l s o  s h o w s  a  95 p e r c e n t  p r o b a b i l i t y  t h a t  t h e
r e s o u r c e  b a s e  w a s  a t  l e a s t  3,000 b i l l i o n  b a r r e l s  b u t  o n l y  a  5
p e r c e n t  p r o b a b i l i t y  t h a t  i t  c o u l d  b e  a s  h i g h  a s  6,500 b i l l i o n
barrels .I’

Addit ional  perspect ive  on  the  wor ld ’ s  o i l  and gas  product ion  and
r e s e r v e  s i t u a t i o n s  a r e  g i v e n  b y  t h e  t w o  c h a r t s ,  T a b l e s  1  a n d  2,
w h i c h  s h o w  t h e  r a n g e o f  t h e  e s t i m a t e d  w o r l d  b a s e and the
cumulative oil  production by various nations. Table 2 shows that
the U.S. has  s t i l l  produced  far  more  o i l  than any  other  country
i n  t h e  w o r l d ,  i n c l u d i n g  t h e  U S S R . T h e  t w o  c h a r t s  t o g e t h e r
i n d i c a t e  t h a t  t h e  w o r l d  s t i l l  h a s  a  l o n g  w a y  t o  g o  b e f o r e  i t s
presently proved and probable oi l  and gas resources are exhausted
at prices comparable to those today.

Figs.13 and 14 show the rate at which world discoveries have been
made and p r o d u c t i o n  h a s  b e e n run. Before 1970, new o i l
d i s c o v e r i e s  l a r g e l y  i n  t h e  M i d d l e  E a s t ,  w e r e  i n c r e a s i n g  t h e
w o r l d ’ s  r e s e r v e s  a t  s o m e  20 t o  30 b i l l i o n  b a r r e l s  a  y e a r . Since
p r o d u c t i o n  r a t e s  w e r e  l o w , t h e s e  d i s c o v e r i e s  l e d  t o  a  r a p i d
b u i l d - u p  o f  o i l  d i s c o v e r e d  r e s e r v e s . A f t e r  1970 t h e  s i t u a t i o n
changed and product ion  surged  rapid ly  ahead o f  new discover ies .
Exxon conc ludes , “ I f  w o r l d o i l p r o d u c t i o n  h o l d s s t e a d y  o r
i n c r e a s e s  s l i g h t l y  i n  t h e  y e a r s  a h e a d , t h e  d e c l i n e  i n  t h e
i n v e n t o r y  o f  d i s c o v e r e d  o i l  r e s e r v e s  i s  l i k e l y  t o  c o n t i n u e . As a
r e s u l t , o i l  product ion  eventual ly  wi l l  reach a  p lateau - probably
sometime early in the next century - and then begin to drop.”

Exxon points out that information about gas is  less complete than
f o r  o i l , b u t  n o t e s , “However, p r e s e n t  d a t a indicate that ,
i n c o n t r a s t  t o  o i l , t h e  g a s  d i s c o v e r y  r a t e  s t i l l e x c e e d s  t h e  g a s
p r o d u c t i o n  r a t e  (Fig.14). “Moreover, the world is  expected to go
o n  b u i l d i n g  a n i n v e n t o r y  o f  d i s c o v e r e d  g a s  r e s e r v e s ,  e v e n  w i t h
pro jected  s teady  increases  in  gas  product ion ,  and  i s  not  expected
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Table I

World Oil and Gas Resource Base
(1981)

Billirms  of
Barrels Oil Equi~alolf*

Remaining Proved Reserves

Probable Reserves

‘I&al Remaining Commercial
Reserves

1000-1200

300-600

1300-1800

Cumulative Production to Date

‘Ib;;lt;eources  Discovered

700

2000- 2500

Undiscovered Potential lOOO- 2500

Total Oil and Gas Resource Base 3000-5000

*hludes  crude oil, natural gas expmssed as its energy
equident  in 02,  and liquids mmowdfmmthegas
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CHAPTER 3

U.S. Energy

U . S .  T o t a l  Enes

Before  cons ider ing  future  U . S . energy  forecasts  and imp1 ications
f o r  a v i a t i o n  f u e l s , i t  i s  wel l  worthwhi le  for  av iat ion  execut ives
to develop some concept of  the total  U.S.  energy picture. I f  f o r
no other reason, i t  wi l l  lead  to  an apprec iat ion  o f  how smal l  the
a v i a t i o n  c o m p o n e n t  i s , a n d  w h y  d e v e l o p m e n t  i n  o t h e r  a r e a s  o f
energy production and consumption can easily eclipse developments
i n  a v i a t i o n . Aviation may be thought of as a chipmunk amidst a
herd  o f  e lephants .

This .familiarity can be achieved conveniently by examining Fig.
3-1, “U.S . E n e r g y  S o u r c e s  a n d  U s e s  i n  1982,” w h i c h  i s  t a k e n
d i r e c t l y  f r o m  (2-2), EIA’s Enerqy P r o j e c t i o n s  t o  t h e  Y e a r  2010.
Note that the units used are quadril l ion Btus, or Quads.

One Quad o f  energy  is  equivalent  to  about  172 mi l l ion  barre ls  o f
o i l , or  a  Quad equals  470,000 barre ls  o f  o i l  per  day  for  a  year .
A  Q u a d  i s  a l s o  e q u a l  t o  a b o u t  42 m i l l i o n  t o n s  o f  c o a l ,  o r  95
b i l l i o n  k i l o w a t t - h o u r s  o f  e l e c t r i c i t y . More conveniently, 1 Quad
equals  approximately  1  Tcf, o n e  t r i l l i o n  c u b i c  o f  n a t u r a l  g a s ,
Or, o n e  Q u a d  e q u a l s  503,000 b a r r e l s  o f  j e t  f u e l  p e r  d a y  f o r  a
year, 2,112,600 gal lons  per  day  for  a  year .

Since U.S. domest ic  c iv i l  av iat ion  used  just  under  10,000 mil l ion
g a l l o n s  o f  f u e l  f o r  t h e  y e a r  1982, t h a t  t o t a l  a n n u a l  n e e d  i s  m e t
by only  2.6 Quads  o f  je t  fue l .

L o o k i n g  a t  t h e  l e f t  s i d e  o f  F i g .  3-1, i t  i s  s e e n  t h a t  t o t a l  U . S .
energy handled for the year was 66.0 Quads of  produced domestic
e n e r g y  p l u s  9.0 Q u a d s  o f  i m p o r t e d  o i l , 0.3 Q u a d s  o f  o i l  d r a w n
from stocks, (0.9 imported  - 0.3 to  s tock=)  0.6 Quads  o f  natural
gas imported, (plus 0.1 Quads of  hydroelectric  power from Canada
imported i n t o  t h e  N o r t h e a s t  b u t ,  f o r  c o n v e n i e n c e ,  i n c l u d e d  i n
domestic  hydro) , minus 2.8 Quads of  coal  exported,  and 0.6 Quads
of  coa l  added  to  s tocks . This nets 73.3 Quads of energy consumed
by the U.S. economy in 1982, as shown above the bars.

O f  t h i s  73.3 Q u a d s  t o t a l  U . S . a n n u a l  e n e r g y  c o n s u m p t i o n ,  t h e
10,000 m i l l i o n  g a l l o n s  (2.6 Q u a d s )  o f  c i v i l  a v i a t i o n  f u e l  a m o u n t s
to  about  3.55%. Of the 30.4 Quads of  total  oi l  used by the U.S. ,
8.5% was used by commercial  aviation,  up from 6% in 1980, report-
ed  in  Impact  ( l - l )  . As  a lso  ant ic ipated  in  Impact ,  av iat ion  fue l
consumpt ion  remained  about  constant ,  whi le  U.S .  consumpt ion  o f
energy and oil  decreased. This drop in total  U.S.  oi l  consump-
t i o n ,  t h e n , accounts  for  the  av iat ion  “growth”  f rom 6% to  8.5% o f
U.S. petroleum consumption. O f  t h e  18.6 Q u a d s  o f  o i l  u s e d  b y
U . S .  t r a n s p o r t a t i o n  i n  1982, 14% i s  u s e d  b y  a i r l i n e s .
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f o r  a v i a t i o n  f u e l s , i t  i s  wel l  worthwhi le  for  av iat ion  execut ives
to develop some concept of  the total  U.S.  energy picture. I f  f o r
no other reason, i t  wi l l  lead  to  an apprec iat ion  o f  how smal l  the
a v i a t i o n  c o m p o n e n t  i s , a n d  w h y  d e v e l o p m e n t  i n  o t h e r  a r e a s  o f
energy production and consumption can easily eclipse developments
i n  a v i a t i o n . Aviation may be thought of as a chipmunk amidst a
herd  o f  e lephants .

This .familiarity can be achieved conveniently by examining Fig.
3-1, “U.S . E n e r g y  S o u r c e s  a n d  U s e s  i n  1982,” w h i c h  i s  t a k e n
d i r e c t l y  f r o m  (2-2), EIA’s Enerqy P r o j e c t i o n s  t o  t h e  Y e a r  2010.
Note that the units used are quadril l ion Btus, or Quads.

One Quad o f  energy  is  equivalent  to  about  172 mi l l ion  barre ls  o f
o i l , or  a  Quad equals  470,000 barre ls  o f  o i l  per  day  for  a  year .
A  Q u a d  i s  a l s o  e q u a l  t o  a b o u t  42 m i l l i o n  t o n s  o f  c o a l ,  o r  95
b i l l i o n  k i l o w a t t - h o u r s  o f  e l e c t r i c i t y . More conveniently, 1 Quad
equals  approximately  1  Tcf, o n e  t r i l l i o n  c u b i c  o f  n a t u r a l  g a s ,
Or, o n e  Q u a d  e q u a l s  503,000 b a r r e l s  o f  j e t  f u e l  p e r  d a y  f o r  a
year, 2,112,600 gal lons  per  day  for  a  year .

Since U.S. domest ic  c iv i l  av iat ion  used  just  under  10,000 mil l ion
g a l l o n s  o f  f u e l  f o r  t h e  y e a r  1982, t h a t  t o t a l  a n n u a l  n e e d  i s  m e t
by only  2.6 Quads  o f  je t  fue l .

L o o k i n g  a t  t h e  l e f t  s i d e  o f  F i g .  3-1, i t  i s  s e e n  t h a t  t o t a l  U . S .
energy handled for the year was 66.0 Quads of  produced domestic
e n e r g y  p l u s  9.0 Q u a d s  o f  i m p o r t e d  o i l , 0.3 Q u a d s  o f  o i l  d r a w n
from stocks, (0.9 imported  - 0.3 to  s tock=)  0.6 Quads  o f  natural
gas imported, (plus 0.1 Quads of  hydroelectric  power from Canada
imported i n t o  t h e  N o r t h e a s t  b u t ,  f o r  c o n v e n i e n c e ,  i n c l u d e d  i n
domestic  hydro) , minus 2.8 Quads of  coal  exported,  and 0.6 Quads
of  coa l  added  to  s tocks . This nets 73.3 Quads of energy consumed
by the U.S. economy in 1982, as shown above the bars.

O f  t h i s  73.3 Q u a d s  t o t a l  U . S . a n n u a l  e n e r g y  c o n s u m p t i o n ,  t h e
10,000 m i l l i o n  g a l l o n s  (2.6 Q u a d s )  o f  c i v i l  a v i a t i o n  f u e l  a m o u n t s
to  about  3.55%. Of the 30.4 Quads of  total  oi l  used by the U.S. ,
8.5% was used by commercial  aviation,  up from 6% in 1980, report-
ed  in  Impact  ( l - l )  . As  a lso  ant ic ipated  in  Impact ,  av iat ion  fue l
consumpt ion  remained  about  constant ,  whi le  U.S .  consumpt ion  o f
energy and oil  decreased. This drop in total  U.S.  oi l  consump-
t i o n ,  t h e n , accounts  for  the  av iat ion  “growth”  f rom 6% to  8.5% o f
U.S. petroleum consumption. O f  t h e  18.6 Q u a d s  o f  o i l  u s e d  b y
U . S .  t r a n s p o r t a t i o n  i n  1982, 14% i s  u s e d  b y  a i r l i n e s .
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t o  73 Q u a d s  f r o m  t h e  h i g h  o f  78 Q u a d s  i n  1980, t h i s  d r o p  o f  5
Quads is tantalizing when viewed against our 9 Quads of oil im-
p o r t e d  i n  1982. Unfortunately, the  5-Quad drop  resul ted  large -
l y  a t  a  c o s t  o f  i n f l a t i o n ,  r e c e s s i o n ,  a n d  u n e m p l o y m e n t . But
reasonable, economical opportunities remain for conservation,  and
m a n y  o f  t h e m  w i l l  c o n t i n u e  t o  b e  p u r s u e d  b e c a u s e  o f  the. h i g h
p r i c e  o f  e n e r g y  n o w , re lat ive  to  investments  made  and methods
used during the past decade.

Every  barre l saved through c o n s e r v a t i o n  o r increased domestic
production is  a barrel  deleted from imports. The true cost  of  an
i m p o r t e d  b a r r e l  o f  o i l  i s  c o n t r o v e r s i a l  a n d  d i f f i c u l t  t o  c o m p u t e
because of many assumptions which must be made. Some economists
have  est imated  costs  a l locable  to  the  U.S .  economy at  over  $100
per  barre l . The Georgetown Center for Strategic and Internation-
a l  Studies  shows that  th is  cost  i s  much higher  when we inc lude
diplomatic and military expenditures made toward securing that
imported  o i l . Costs  l ike  $100/bbl  have  been used  to  just i fy  U.S .
i n c e n t i v e s  f o r  ‘ r e n e w a b l e ” energy such as geothermal,  wind, and
so lar  power , b e c a u s e  o f  c o n s e q u e n t  r e d u c t i o n s  i n  o i l  i m p o r t s .
Would  that  we  apply  the  same pr inc ip les  to  domest ic  gas  and o i l
product ion , where stimulation would have the same effect but,  in’
addit ion , w o u l d  d e p r e s s  w o r l d  o i l  p r i c e s ! We should  st imulate
the elephants more than we do the chipmunks!

I t  i s  sober ing  to  cons ider  Transportat ion ’s  use  o f  fue l  in  Fig .
3-1, c o m p a r e d  t o  c o n s u m p t i o n  e f f i c i e n c i e s  i n  t h e  o t h e r  s e c t o r s ,  :
Res ident ia l , Commercial and Industrial. Of the 18.6 Quads pur-
chased by Transportation, only  2.2 Quads  produced  use fu l  work .
The  remaining  90% went  to  end-use  losses . Of  course ,  much o f  :
this loss goes irretrievably to the second law of  thermodynamics,  d
a n d  t o  i n e f f i c i e n c y  o f  t h e  O t t o  c y c l e  i n  h i g h w a y  v e h i c l e s .
Nevertheless, t h e  o i l  l o s t  t h e r e  ‘ i s  j u s t  a s  r e a l  a s  t h a t  w h i c h
moved  the  vehic les . I t  can  be  seen  why some are  enthusiast i c
about  the  opportunit ies  for  future  sav ings ,  whi le  o thers  propose
replac ing  the  Otto  cyc le  with  more  e f f i c ient  engines ,  such  as  the
S t i r l i n g  c y c l e .

S o m e  a t t e n t i o n  s h o u l d  b e  g i v e n  t o  t h e  e l e c t r i c a l  e n e r g y  b a r ,
w h i c h  i s  s h o w n  a b o u t  t o p  c e n t e r  i n  t h e  c h a r t ,  b e f o r e  e n e r g y
b r e a k s  o u t  t o  i t s  sectorial e n d  u s e r s . The  p ic ture  there  i s  not
much better than in Transportation, w i t h  o v e r  71% o f  t h e  e n e r g y
used lost  in  producing  and transmitt ing  e lectr ic i ty . Again, the
second law of thermodynamics contributes. This bar also suggests
why economic i n c e n t i v e s  f o r  c o - g e n e r a t i o n  o f  e l e c t r i c  p o w e r  a n d
p r o c e s s  h e a t  ( r e d u c i n g  s e c o n d - l a w  l o s s e s )  c a n  b e  s o  a t t r a c t i v e .
It  also suggests one reason why electrical  power is  generally not
a good prospect for emerging nations. A second, p a r a l l e l  o b s t a -
c l e  i s  t h e  c o s t  o f  t h e  e l e c t r i c a l  d i s t r i b u t i o n  s y s t e m . So the
w o r l d  s h o u l d  c o n t i n u e  t o  r e m a i n  h e a v i l y  d e p e n d e n t  o n  l i q u i d
f u e l s , part i cular ly  the  Third  wor ld  countr ies .

U.S. Energy Prices
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F r o m  (2-2) ,  Ene ,  “Demand for
energy in general is  presently depressed because  o f  the  recess -
ion . T h e  m a r k e t  f o r  e l e c t r i c i t y  i s  e x p e c t e d  t o  r e c o v e r  f i r s t ,
followed by oil  and then gas. This phasing will  produce inter-
est ing r e l a t i v e  p r i c e  p a t t e r n s . Although coal demand is  a lso
e x p e c t e d  t o  i n c r e a s e  a f t e r  a  p e r i o d  o f  s t a b i l i t y ,  h u g e  U . S .  c o a l
r e s e r v e s  a r e  e x p e c t e d  t o  k e e p  s i g n i f i c a n t  p r i c e increases  f rom
occurr ing  within  the  pro ject ion  per iod . ”

R e f e r e n c e  (2-2) p o i n t s  o u t  t h a t  t h e  p a s t  d e c a d e  i n  e n e r g y  h a s
been one of  the most eventful  in history because:

0 Oil -produc ing  nat ions  took  contro l  o f  assets  and pr ices  f rom
the  internat ional  o i l  companies .

0 In  1981 domest ic  o i l  was  deregulated . ( I t  probably  should  be
added that the Windfall  Profits Tax, WPT, w a s  a l s o  i n s t i t u t e d . )

0 W i t h  p a s s a g e  o f  t h e  N a t i o n a l  G a s  P o l i c y  A c t  o f  1978 (NGPA),
phased decontrol  of  gas began.

0 The Staggers’ Rai l  Act  o f  1980 began reduct ion  o f  ICC contro l
on  ra i l road  rates , e x p e c t i n g  t o  r a i s e  c o a l  c o s t s .

0 The Three  Mi le  Is land nuc lear  acc ident  i s  increas ing  the  cost
o f  e lectr i c i ty  and costs  o f  new plants .

A  r e v e a l i n g  p i c t u r e  o f  U . S .  e n e r g y  p r i c e s  i s  s e e n  i n  Fig.3-2
(Z-21, w h e r e  a v e r a g e  p r i c e s  f o r  e l e c t r i c i t y ,  c r u d e  o i l ,  n a t u r a l
gas  and coal  are  shown histor ica l ly  f rom 1960, and  are  pro jec ted
o u t  t o  y e a r  2010. N o t e  t h a t  t h e s e  p r i c e s  a r e  i n  c o n s t a n t  1982
d o l l a r s . These prices are consistent with the EIA world projec-
t i o n  o f  C h a p t e r  1  a n d ,  i n  f a c t , s h o w  t h e  p r o j e c t e d  p r i c e  o f
n a t u r a l  g a s  w h i c h  p r o d u c e s  EIA’s b a s e  p r i c e  o f  o i l  a t  $37/bbl i n
1990. ( S i n c e  n a t u r a l  g a s  c o n t a i n s  a b o u t  a  t h o u s a n d  Btus p e r
c u b i c  f t . , t h e  p r i c e s  s h o w n i n  Fig.3-2 p e r  m i l l i o n  Btu a l s o
correspond to  the  pr ice  o f  natural  gas  per  Mcf, which is  how gas
is quoted and sold on the market.)

In  the  United  States , t h e  1973 j u m p  o f  o i l  p r i c e s  o n l y  s l o w e d
consumption growth temporarily. From 1975 to 1978 oil consump-
t ion  grew at  5% per  year , about the same as during 1970 to 1973.
Despi te  a  dec l ine  f rom 1973 to  1975, U.S.  oi l  consumption in 1978
was almost 30% higher than in 1970. The second price jump, 1979-
80 , c o n t r i b u t e d  t o  t h e  r e c e s s i o n  a n d  c a u s e d  s i g n i f i c a n t  f u e l
switching away from oil . Although natural gas remained largely
controlled,  prices began to edge up in 1974 and have continued to
increase under the NGPA. EIA c o n c l u d e s  t h a t  t h e y  w i l l  b e g i n  t o
r ise  rapidly  again  in  1984 and cont inue  to  r ise  unt i l  1988.

Increases  in  o i l  pr i ces  contr ibuted  to  the  increased  pr ices  shown
f o r  e l e c t r i c i t y  i n  t h e  1970s. Capital  investments were also re-
quired to meet the anticipated high growth in demand for electri-
c i t y . AdditionaXas f o r  e l e c t r i c a l  g e n e r a t i o n  i s  prohi-
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bitedtion, so the  new generat ing  capac i ty  added was
large ly  for  coa l  and nuc lear  power . When prices for competitive
f u e l s  i n c r e a s e d , increased demand for coal  permitted higher coal
product ion  costs  and wages , c o s t s  o f  l o w e r  l a b o r  p r o d u c t i v i t y ,
a n d  s t r i c t e r  e n v i r o n m e n t a l  a n d  s a f e t y  r e g u l a t i o n s  t o  b e  p a s s e d
along to customers. This was particularly easy with pass-through
p r o v i s i o n s  f o r  e l e c t r i c a l  u t i l i t i e s .

W h i l e  c o a l  p r i c e s  d o u b l e d  i n  t h e  l a t e  1970s, t h e y  r e m a i n e d  l o w
compared to other fuels. Denied  i ts  past  low-pr iced  compet i t ion
in  e lectr i ca l  generat ion  and much industr ia l  process ing ,  natural
gas prices took off  when the NGPA permitted high prices for natu-
r a l  g a s  w i t h  h i g h  p r o d u c t i o n  c o s t s . M o s t  l o w - c o s t  g a s  i n  t h e
U.S. is  s t i l l  regulated  at  costs  far  be low the  market ,  much at  55
c e n t s  p e r  Mcf. A n d  m u c h  o f  i t  w i l l  r e m a i n  r e g u l a t e d  a t  t h a t
l e v e l  a f t e r  1985, w h e n  n a t u r a l  g a s  i s  s u p p o s e d l y  “ d e r e g u l a t e d ” .
So  producers  are  present ly  se l l ing  the ir  h igh-pr iced  natural  gas ,
while holding regulated gas in the ground toward future deregu-
l a t i o n . One can scarcely blame them, s i n c e  g a s  r e g u l a t e d  t o  55
c e n t s  i s  e q u i v a l e n t  t o  o i l  p r i c e d  a t  $3.20 p e r  b a r r e l . Natural
gas, which had been competing with coal, has now been elevated to
a  h i g h - p r i c e d  f u e l  a n d  EIA p r e d i c t s  i t  w i l l  g o  r e l a t i v e l y  h i g h e r
in  the  future .

A l t h o u g h  e l e c t r i c i t y  i s  v e r y  e x p e n s i v e  p e r  Btu c o m p a r e d  w i t h
o t h e r  f o r m s  o f  e n e r g y , e l e c t r i c i t y  p r o v i d e s  u n i q u e  s e r v i c e s ,
o f t e n  a t  a  l o w e r  c o s t  t h a n  o t h e r  e n e r g y  f o r m s . C o n s i d e r i n g
Fig.3-1, e l e c t r i c i t y , a s  d e l i v e r e d , h a s  a l r e a d y  p a i d  f o r  i t s
thermodynamic and transmiss ion  losses . F o r  e f f i c i e n t  e l e c t r i c
motors, e l e c t r o n i c s  a n d  o t h e r  u s e s ,  e l e c t r i c i t y  i s  a  “net” f o r m
o f  e n e r g y ,  c o m p a r e d  t o  g r o s s losses  in  combust ion  engines  and
many industrial  devices. (However, by  the  same token,  e lec tr i -
c i t y  i s  a  h i g h - p r i c e d  e n e r g y  t o  u s e f o r  l o w - g r a d e  a p p l i c a t i o n s
such as space heating.)

As  the  economic recovery  progresses and demand for  elecricity
resumes, more investments must be made in generating equipment.
E l e c t r i c i t y  p r i c e s  a r e  l i k e l y  t o  i n c r e a s e  u n t i l  t h e  l a t e  1990s.
A t  t h a t  p o i n t , t h e  p r i c e  o f  e l e c t r i c i t y  s h o u l d  s t a b i l i z e . Gas
and oil  may then account for only 5% of  the fuel  used in gener-
a t i n g  e l e c t r i c i t y . (Note, again ,  th is  i s  an  e f fect  o f  assuming a
h i g h  p r i c e for natural gas-Ed .) Demand for  e lectr i c i ty  should
double  over  the  next  25 to  30 years , in f luenced by  the  re lat ive ly
h i g h e r  r a t e  o f  p r i c e  r i s e s  f o r  o i l  a n d  g a s . Since ,energy resour-
c e  c o s t s  a r e  o n l y  30-40% o f  t h e  c o s t  o f  e l e c t r i c i t y ,  a s  c o m p a r e d
t o  o v e r  75% f o r  f i n i s h e d  p e t r o l e u m  f u e l s ,  t h e  p r i c e  o f  e l e c t r i -
c i t y  i s  n o t  a f f e c t e d  a s  m u c h  by’resource p r i c e  i n c r e a s e s  a s  a r e
the  o ther  fue ls .

As shown in Chapter 2, wor ld  o i l  demand is  expected  to  remain
r e l a t i v e l y  l o w  t h r o u g h  t h e  m i d  1980s, w i t h  n o  s i g n i f i c a n t  o i l
p r i c e  i n c r e a s e s  u n t i l  t h e  1990s. T h i s  m e a n s  w o r l d  o i l  p r i c e s
s h o u l d  i n c r e a s e  3-8% i n  r e a l  t e r m s  d u r i n g  t h e  e a r l y  1990s, t h e n
stabi l ize  at  about  4 % annual growth rate through 2010. P r i c e s  o f
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del ivered  petro leum products s h o u l d  f o l l o w  w e l l  t h e  t r e n d s  o f
crude  pr i ces .

EIA now expects that natural gas prices will  increase more slowly
t h a n  i n  NEPP-1983, so  that  gas  should  cont inue  to  compete  with
o i l  through the  1980s. But the l ink between gas and oil  is  ex-
pected to weaken in the 1990s and gas prices should remain fairly
stable from 1985 through 1995. After  1995, gas  pr i ces  are  pro -
jec ted  to  increase  because  o f  decining domest i c  product ion .

(This author observes that these results will  occur by continuing
our  present  inst i tut ional  constra ints  on  natural  gas . In  a  truly
f r e e  g a s  m a r k e t , c o n s i d e r a b l y  m o r e  g a s  s h o u l d  b e  p r o d u c e d  a t
l o w e r  p r i c e s . But  then the  whole  petro leum forecast  and wor ld
oil  prices would also be changed!)

Transportation En_er_qy

S t i l l  l i b e r a l l y  r e f e r r i n g  t o  (2-2), a b o u t  t h r e e - q u a r t e r s  o f
t r a n s p o r t a t i o n  e n e r g y  i s  u s e d  i n  c a r s , t rucks , and other  road
v e h i c l e s . The remaining quarter is  used in air,  rail ,  and marine
transportat ion , and in  powering  o i l  and gas  p ipe l ines . The fuel
u s e d  i n  p i p e l i n e  t r a n s p o r t  i s  e x p e c t e d  t o .  r e m a i n  f a i r l y  s t a b l e .
( E d i t o r i a l l y , i f  gas  p ipe l ines  are  converted  to  common carr iers
f r o m  t h e i r  p r e s e n t  p r i v a t e  s t a t u s a n d  g a s  t h e r e b y  b e c o m e s  a
fungible commodity in the U.S., g a s  p i p e l i n e  t r a f f i c  c o u l d  i n -
crease  cons iderably , a long  with  the  consumption  o f  natural  gas .
Oil  pipeline transport would drop at the same time.)

(2-2) c o r r e c t l y  n o t e s  t h a t , “Jet fuel  demand has also remained
s t a b l e  w i t h  e f f i c i e n c y  g a i n s balancing i n c r e a s e d  a i r  t r a f f i c .
This  t rend  too  i s  expected  to  cont inue . ”

“ T h e  u s e  o f  e n e r g y  b y  m o t o r  v e h i c l e s  i s  n o t  o n l y  t h e  l a r g e s t
transportat ion  use , b u t  a l s o  t h e  m o s t  i n t e r e s t i n g . Because of
improvements in both the design and mechanics of  vehicles,  it  is
estimated that the road miles per gallon (as opposed to Environ-
mental Protection Agency estimates)  of  new vehicles has increased
by as much as 85 percent since the early 1970’s. This has trans-
l a t e d  i n t o  l e s s  t h a n  a  2-mile-per-gallon i m p r o v e m e n t  f o r  t h e
e n t i r e  f l e e t ,  h o w e v e r , because  o f  the  s low turnover  o f  vehic les .
Despite these improvements, i t  i s  e s t i m a t e d  t h a t  o n l y  a b o u t  20
percent  o f  the  Btu’s contained in  the  fue l  i s  actual ly  be ing  used
t o  p r o v i d e  t r a n s p o r t a t i o n  s e r v i c e s . ” Highway fuel  and vehic le
economy are discussed in more detail in Chapter 4.

“Unlike the other sectors where the expansion of the economy more
than compensates f o r  d e m a n d  r e d u c t i o n s ,  t r a n s p o r t a t i o n  s e c t o r
t o t a l  d e m a n d  a c t u a l l y  d e c l i n e s  u n t i l  1995. A t  t h i s  p o i n t ,  t h e
r a t e  o f  d e m a n d  r e d u c t i o n s  p e r  y e a r s l o w s  a n d  t r a n s p o r t a t i o n
energy demand increases .‘I

Domestic Pro (EIA P r o j e c t i o n s )
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"The United States has been endowed with both an abundance and a
v a r i e t y  o f  e n e r g y  r e s o u r c e s . Therefore, h i s t o r i c a l l y  m o s t  o f
t h i s  c o u n t r y ' s  e n e r g y  n e e d s  h a v e  b e e n  m e t  w i t h  d o m e s t i c a l l y
produced energy. I n  f a c t , United States energy production was
over  90 percent  o f  consumpt ion  in  the  1960's, fe l l  s l ight ly  be low
80 p e r c e n t  i n  t h e  1970's a n d  i s  e s t i m a t e d  t o  h a v e  i n c r e a s e d  t o
about  90 percent  in  1982. T h i s  p a t t e r n  o f  r e l a t i v e  s e l f  s u f -
f i c i e n c y  i s  e x p e c t e d  t o  c o n t i n u e . I n  f a c t , a f t e r  a  b r i e f  in-
i n c r e a s e  a s  a  r e s u l t  o f  t h e  e c o n o m i c  r e c o v e r y ,  U . S .  n e t  e n e r g y
imports are d e c l i n e the
p e r i o d . "  (2-2)

e x p e c t e d  t o throughout p r o j e c t i o n

Note that U.S. net  energy  imports  dec l ine  because  o f  increas ing
c o a l  e x p o r t s . O i l  i m p o r t s  d e c r e a s e  t h r o u g h  1983, b u t  r i s e
sharply through 1985, then decline again,  as shown in Fig.3-3.

" E a c h  f o r m  o f  e n e r g y  h a s  u n i q u e  c h a r a c t e r i s t i c s  w h i c h  a f f e c t
p r o d u c t i o n . O i l  a n d  g a s  p r o d u c t i o n  i s  m o s t l y  l i m i t e d  b y  t h e
vo lume o f  proved r e s e r v e s . " ( E d - T r a d i t i o n a l l y ,  t h a t  i s . More
r e c e n t l y , o i l  p r o d u c t i o n  r e s p o n d s  t o  m a r k e t  p r i c e ,  w h i l e  g a s
p r o d u c t i o n  h a s  b e e n  r e s t r a i n e d  b y  u s e  r e s t r i c t i o n s  a n d  p r i c e
c e i l i n g s  o n  v a r i o u s  c l a s s i f i c a t i o n s  o f  g a s . ) " U . S .  c o a l  r e -
serves , on  the  other  hand, a r e  s o  p l e n t i f u l  t h a t  p r o d u c t i o n  i s
pr imari ly  l imited  by  domest ic  and internat ional  demand for  U.S .
c o a l .
with

N u c l e a r  a n d  renewables a r e  g e n e r a l l y  c a p i t a l  i n t e n s i v e ,
production the c o s t

compet i t iveness . "
l i m i t e d  b y

(2-Z)
technology ' s

EIA's p r e d i c t i o n s  f o r  t o t a l  U . S . domest i c  energy  product ion  are
g i v e n  i n  Fig.3-4, i n c l u d i n g  o i l ,  g a s ,  c o a l ,  n u c l e a r ,  a n d  renew-
ables. They  ant ic ipate  a  smal l  drop  in  domest ic  o i l  product ion
between 1980 and 1985, holding about steady through 1990, another
smal l  drop  to  1995, and then steady out through 2010. On aver-
age ,  th is  amounts  to  a  l-to-l.5 percent  dec l ine  per  year  for  the
n e x t  10 t o  15 y e a r s . Based largely on industry actions and com-
ments, this author is  more optimistic  than EIA on future domestic
product ion , as  d iscussed  later  in  th is  chapter .

T h i s  EIA f o r e c a s t  s h o w s  s t e a d i l y  f a l l i n g  n a t u r a l  g a s  p r o d u c t i o n
throughout the thirty years 1980-2010, decreas ing  to  about  50% o f
present production by the end of  the'period. T h i s  i s  a n  i n s t i -
t u t i o n a l  l i m i t a t i o n , n o t  a  p h y s i c a l  o r reswon.
Today, U.S. gas product ion  capac i ty i s  c o n s i d e r a b l y  h i g h e r than
demand. P r o d u c t i o n  i s  l i m i t e d  d u e  t o  r e s t r i c t i o n s  o n  t h e  u s e  o f
g a s  a s  w e l l  a s  l o w  p r i c e  c e i l i n g s  h e l d  o n  v a r i o u s  c l a s s i f i c a t i o n s
o f  g a s . Some analysts conclude that present 'J.S. gas production
c o u l d  b e  i n c r e a s e d  50% b y  y e a r  2009, b a s e d  o - p r e s e n t  r e s e r v e s
and information.

I f  inst i tut ional  re form should  improve  that  p ic ture ,  or  i f  a  t rue
free market is  permitted, th is  author  contends  that  cons iderably
more  gas  wi l l  be  found than present ly  ident i f ied  (and addit ional
gas  wi l l  be  acknowledged which  is  not  inventor ied  under  today 's
c o n d i t i o n s ) . In the opinion of  many, including this author,  U.S.



3-8

gas  product ion  could  be  increased  at  least  50% by 2000.

Such a conclusion is  not a casual one. I t  i s  d i f f i c u l t  t o  v i s u -
a l i z e  t h e  m a g n i t u d e  o f  U . S .  e n e r g y  c o n s u m p t i o n . As shown in
Fig.3-1, n a t u r a l  g a s  s u p p l i e s a b o u t  o n e - t h i r d  o f  U . S .  e n e r g y .
Although natural gas (methane) i s  l i g h t e r  t h a n  a i r  a n d  i s  o f t e n
u s e d  t o  f i l l  c h i l d r e n ’ s  b a l l o o n s , according to the Department of
I n t e r i o r ,  t h e  U . S . consumes more tonn_a_ge of gas than the tonnage
o f  c o n c r e t e  i t  u s e s  e a c h  y e a r . Yes, t h a t  i s  c o n c r e t e ,  n o t  j u s t
cement; i t  a l s o  i n c l u d e s  w e i g h t  o f  t h e  s a n d  a n d  g r a v e l  u s e d  i n
making concrete.

S o  a n  i n c r e a s e  o f  50% i n  U . S . natural  gas  product ion  cannot  be
t a k e n  l i g h t l y . In  fa irness  i t  should  be  noted  that ,  whi le  many
bel ieve  product ion  can  be  increased  that  much,  there  are  o thers
who think i t  unl ikely . Interested  readers  may wish  to  re fer  to
Chapter 6 in Im_pact.

Based andmtion and tax  d is incen-
t i v e s  i n  t h i s  countr_yin t h e  absen
pesslmlstlcmethis-.
p r e v a i l . But, i n  NEPP-1984, the  EIA expects  to show a more favo-
rable outlook for  natural  gas , both  in  lower  pr ices ,  and in  hiqh-
er demand because of  less industrial  switching from-gas to oil:

R e f e r r i n g  t o  Fig.3-5, t h e  p r e s e n t  NEPP-1983  f o r e c a s t  f o r  a v e r a g e
U.S. natural gas prices (which range from below $0.30 to above $9
p e r  m i l l i o n  Btu, o r  p e r  Mcf), g a s  p r i c e s  i n  1982 d o l l a r s  a r e
e x p e c t e d  t o  r i s e  f r o m  $2.50/Mcf t o d a y  t o  $5.18 i n  1988, t h e n
l e v e l  o f f  b e y o n d  1990. B u t  EIA’s u n o f f i c i a l  e x p e c t a t i o n  f o r
NEPP-1984, i s t h a t  t h e  p r i c e
should rise to only $4.30, as shown. Consequently, there  wi l l  be
l e s s  s w i t c h i n g  f r o m  g a s  t o  o i l , o i l  consumption  in  the  U.S .  wi l l
drop and, i n s t e a d  o f  r i s i n g  t o  $37/bbl (1982) i n  1990, t h e  w o r l d
p r i c e  o f  o i l  w i l l  r i s e  t o  o n l y  $33.

It  must  be  emphasized  that  th is  pro ject ion  i s  not  only  unof f i c ia l
a t  t h i s  t i m e , b u t  t h a t  c i r c u m s t a n c e s  a n d  a n a l y s t s ’  c o n c l u s i o n s
may change  be fore  NEPP-1984 i s  re leased  in  the  fourth  quarter  o f
1984.

EIA h a s  e s t i m a t e d  t h e  e f f e c t s  o f  o t h e r  n a t u r a l  g a s  l e g i s l a t i v e
s c e n a r i o s  i n  DOE/EIA-0366, The Natural Gas Market Through 1990,
“An Analvsis o f  the  Natural  *al Alterna-
tives, P a r t  IV,” M a r c h ,  1983. But  ax’1 o f  these  s tudies  cont inue
the  present  pract ices  for  buying  and se l l ing  gas ,  with  indiv idual
p i p e l i n e  s u p p l i e r s  m a i n t a i n i n g t h e i r  c o n t r a c t s  w i t h  i n d i v i d u a l
f i n a l  d i s t r i b u t o r s .

That  i s ,  gas  pr ices  reta in  their  wide  reg ional  and loca l  var ia -
t i o n s . In  addit ion  to  pr ice  deregulat ion  and use  deregulat ion ,
probably  more  important  than pr ice  deregulat ion ,  p ipe l ines  must
be given common carrier s t a t u s  i n  o r d e r  t o  d i s s o l v e  b o u n d a r i e s
between private preserves. U n t i l  t h a t  o c c u r s ,  o r  a  c o m p e t i t i v e
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nat ional  system for  d istr ibut ing  l iquid  natural  gas  evo lves ,  in -
dependent  o f  the  p ipe l ines , gas  pr ices  wi l l  remain  at  the  mercy
o f  t h e  p i p e l i n e s , j u s t  a s  f r e i g h t  p r i c e s  w e r e  a t  t h e  m e r c y  o f
r a i l r o a d s  e a r l i e r  i n  t h e  n a t i o n ' s  t r a n s p o r t a t i o n  h i s t o r y .

Natural  gas  pr ices ,  product ion , and even reserves are so inex-
t r i c a b l y  b o u n d  b y  l e g i s l a t i o n  a n d  r e g u l a t i o n  t o d a y  t h a t  f u r t h e r
comment is  deferred here and the subject  is  treated more thor-
oughly in Chapter 6.

C o a l  i s  t h e  ?Jnited S t a t e s ' most abundant fossil  resource. De s-
p i te  i ts  environmental  problems, t h e  EIA e x p e c t s  c o a l  t o  s e r v e
s t r o n g l y  i n  t h e  i m p o r t a n t  e n e r g y  t r a n s i t i o n  o f  t h e  n e x t  t h i r t y
y e a r s . C o a l - g e n e r a t e d  e l e c t r i c i t y  w i l l  i n c r e a s e  u n t i l  a f t e r
2000, when nuc lear  and  renewable  sources  are  assumed to  carry
more of  the burden. Coal production will  depend on the dynamics
of coal demand, but  ex ist ing  mines  and transportat ion  should  be
a b l e  t o  d e l i v e r  a b o u t  1.0 t o  1.2 b i l l i o n  t o n s  o f  c o a l  p e r  y e a r ,
w h i c h  i s  175-375 m i l l i o n  t o n s  g r e a t e r  t h a n  1982 p r o d u c t i o n .  (2-2)
Coal  producers  can  de l iver  th is  pro jected  30% increase  in  pro -
d u c t i o n  b y  1990 w i t h  l i t t l e  o r  n o  e x p a n s i o n  i n  t h e i r  p r e s e n t
c a p a c i t y .

EIA notes that some coal  reserves could prove uneconomic to mine
d u e  t o  t h e i r  l o c a t i o n  u n d e r  c i t i e s  o r  h i g h w a y s ,  h i g h  s t a t e
s e v e r a n c e  t a x e s ,  o r s t r i c t  e n v i r o n m e n t a l  l a w s . However,  they
conc lude  that  only  50% o f  the  U.S .  coa l  reserve  wi l l  be  ab le  meet
the projected demand.

T h i s  t r e m e n d o u s  s u p p l y  o f  c o a l  a n d  t h e  l o w  p r i c e s  s h o w n  i n
Fig.3-2 s u g g e s t  o t h e r  t h o u g h t s  t o  t h i s  a u t h o r . W i t h  r e c e n t
d e v e l o p m e n t s  i n  f u e l - s y n t h e s i s  c a t a l y s t s  a n d  t h e i r  p r o m i s i n g
f u t u r e , o n e  c a n  i m a g i n e  t h a t  t h e  c o s t  o f  s y n t h e s i z i n g  l i q u i d
f u e l s , e v e n  J e t  A ,  m a y  b e c o m e  c o m p e t i t i v e  w i t h i n  t h i s  t i m e
per iod . S i n c e  p r o s p e c t s  f o r  s o m e  o f  t h e s e  c a t a l y s t s  i n d i c a t e
t h a t  f a c i l i t y  c o s t s  f o r  s y n t h e s i s  p l a n t s  m a y  d r o p  s i g n i f i c a n t l y ,
the development c y c l e time may be shorter than one would
otherwise assume.

Further, i f  synthesis of  l iquid fuel  from gases becomes econom-
i c a l l y  m o r e  p r a c t i c a l , in  s i tu  coal  gas i f i cat ion  might  be  used  in
c o a l  s e a m s  w h i c h  a r e  zhxise t o o  t i l t e d ,  t h i n ,  f r a c t u r e d ,
l a y e r e d  w i t h  r o c k , o r  a t  d e p t h s  w h e r e  c o n v e n t i o n a l  m i n i n g  i s
uneconomic . T h i s  t e c h n i q u e  c o u l d  n o t  o n l y  p r o d u c e  f u e l  f r o m
cheaper  coa l , b u t  a d d  t o  t h e  a v a i l a b l e  r e s o u r c e  s t o c k  o f  c o a l .
T h e s e  c o n j e c t u r e s  a r e  c e r t a i n l y  n o t h i n g  w h i c h  o n e  s h o u l d  c o u n t
o n . B u t  t h e y  a r e  p o s s i b i l i t i e s  w h i c h  m a y  b e c o m e  d i s t i n c t l y
p o s s i b l e . Whi le  there  are  few technolog ica l  deve lopments  which
now suggest  feas ib le  so lut ions  to  our  U.S .  l iquid  fue l  problems,
t h e r e  i s  a l w a y s  t h e  p o s s i b i l i t y ,  e v e n  t h e  l i k e l i h o o d ,  t h a t
technology may open some other degrees of  freedom which are not
n o w  c o n s i d e r e d  f e a s i b l e  a n d  t h e r e f o r e  n o t  i n c l u d e d  i n  c u r r e n t
f o r e c a s t s . . Further discussion is included in Chapter 7.
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EIA's n u c l e a r  p o w e r  p r o j e c t i o n s  a r e  b a s e d  o n  p l a n t - b y - p l a n t
analyses  which  are  updated  each  year . T h i s  y e a r ' s  p r o j e c t i o n s
are lower than those of  the past because of  several  years without
new orders, s lowdown in  construct ion , a n d  c a n c e l l a t i o n  o f  s o m e
nuclear  p lants  as  much as  30% completed . M u c h  o f  t h i s  a c t i o n
stems from lower demands for electricity than had been projected,
f inancia l  burdens , a n d  h i g h e r  c o n s t r u c t i o n  c o s t s . Much of  the
higher costs result  from increased safety requirements due to the
Three Mile Island experience. As demand for electric  power re-
sumes during the late 1980s, some new nuclear plant orders may be
placed. Nevertheless, a  fa ir ly  young nuclear  author i ty  recent ly
commented on -McNeil-Lehrer Report, PBS, that she does not ex-
pect any new U.S. n u c l e a r  p l a n t s  w i l l  b e  s t a r t e d  a n d  c o m p l e t e d
during  her  l i fe t ime.

For  the  purpose  o f  the  NEPP-1983 pro ject ion ,  EIA assumes  ex is t ing
nuclear policies and programs. I f  some o f  the  Administrat ion 's ,
o r  o t h e r , n u c l e a r - r e l a t e d  p r o p o s a l s  t o  C o n g r e s s  a r e  s u c c e s s f u l ,
the EIA midrange projections could be improved. Several commer-
c i a l  f a s t - b r e e d e r  r e a c t o r s  c o u l d  b e  i n  o p e r a t i o n  b y  2010, but
would  not  have  an apprec iable  e f fect  on  tota l  e lectr ic i ty  supply .
Beyond 2010, breeder reactors and fusion could become increasing-
ly important to U.S. a n d  w o r l d  e l e c t r i c i t y  p r o d u c t i o n  ( i f  c a p i t a l
costs  for  fus ion  are  more  at tract ive  than for  f i ss ion-Ed. )

R e n e w a b l e  e n e r g y  c a n  b e  u s e d  t o  g e n e r a t e  e l e c t r i c i t y  i n  e i t h e r
central  powerplants or directly by end-use customers. EIA c o n -
siders only power generated in central  powerplants;  they conclude
i t  i s  o f t e n  i m p o s s i b l e  t o  d e t e r m i n e  t h e  c o n v e n t i o n a l  f u e l  w h i c h
would  be  replaced  local ly  by  renewables. A p p l i c a t i o n s  a n d  e f f i c -
i e n c i e s  v a r y  t o o  w i d e l y . For example, i f  renewably-generated
e l e c t r i c i t y  i s  u s e d t o  r e p l a c e  e f f i c i e n t  h e a t - p u m p  h e a t i n g ,  t h e
replacement  o f  ut i l i ty  power  i s  about  one- for -one . I f  t h e  r e -
newable replaces e l e c t r i c a l  r e s i s t a n c e  h e a t , t h e n  o n e  u n i t  o f
renewable  may replace  three  units  o f  pr imary  ut i l i ty  power .  So
the replacement value of  renewables  is  almost always understated
(as  i s  conservat ion  o f  energy-Ed) .

Almost  a l l  centra l -e lectr i c  renewable  product ion  in  1982 was  f rom
h y d r o e l e c t r i c  p l a n t s . EIA n o t e s  t h a t  t h e  p o t e n t i a l  f o r  i n c r e a s -
i n g  h y d r o e l e c t r i c ' s  c o n t r i b u t i o n  i s  s e v e r e l y  l i m i t e d  b y  a v a i l a -
b i l i t y  o f  s i t e s . They expect the next significant renewable form
wil l  be  wood, b u t  t h a t  i t  w i l l not penetrate the market qreatly.
I f  t h e  p r i c e s  o f  o i l  a n d  g a s
mscafe wind,wait

EIAJrojects, t h e n
and p e r h a p s  s o l a r  c e n t r a l - e l e c t r i c

t e c h n o l o g i e s  w i l l  b e c o m e  v i a b l e . B y  2010, t h e s e  c o n t r i b u t i o n s
could  equal  or  exceed  hydroe lectr i c  product ion .

A s  central-renewables a r e  hydro-dominated,  dispersed-renewables
are dominated by wood use, l a r g e l y  b y  t h e  p u l p / p a p e r  i n d u s t r y
u s i n g  w a s t e  a s  a  s o u r c e  o f  p r o c e s s  h e a t . O u t s i d e  t h i s  a n d
r e l a t e d  i n d u s t r i e s , t h e  h i g h  c o s t s  o f  h a r v e s t i n g ,  t r a n s p o r t i n g
and processing wood or other biomdss  energy sources are generally
strong constraints to economic use of  biomass. Sanitary  land-
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central  powerplants or directly by end-use customers. EIA c o n -
siders only power generated in central  powerplants;  they conclude
i t  i s  o f t e n  i m p o s s i b l e  t o  d e t e r m i n e  t h e  c o n v e n t i o n a l  f u e l  w h i c h
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newable replaces e l e c t r i c a l  r e s i s t a n c e  h e a t , t h e n  o n e  u n i t  o f
renewable  may replace  three  units  o f  pr imary  ut i l i ty  power .  So
the replacement value of  renewables  is  almost always understated
(as  i s  conservat ion  o f  energy-Ed) .

Almost  a l l  centra l -e lectr i c  renewable  product ion  in  1982 was  f rom
h y d r o e l e c t r i c  p l a n t s . EIA n o t e s  t h a t  t h e  p o t e n t i a l  f o r  i n c r e a s -
i n g  h y d r o e l e c t r i c ' s  c o n t r i b u t i o n  i s  s e v e r e l y  l i m i t e d  b y  a v a i l a -
b i l i t y  o f  s i t e s . They expect the next significant renewable form
wil l  be  wood, b u t  t h a t  i t  w i l l not penetrate the market qreatly.
I f  t h e  p r i c e s  o f  o i l  a n d  g a s
mscafe wind,wait

EIAJrojects, t h e n
and p e r h a p s  s o l a r  c e n t r a l - e l e c t r i c

t e c h n o l o g i e s  w i l l  b e c o m e  v i a b l e . B y  2010, t h e s e  c o n t r i b u t i o n s
could  equal  or  exceed  hydroe lectr i c  product ion .

A s  central-renewables a r e  hydro-dominated,  dispersed-renewables
are dominated by wood use, l a r g e l y  b y  t h e  p u l p / p a p e r  i n d u s t r y
u s i n g  w a s t e  a s  a  s o u r c e  o f  p r o c e s s  h e a t . O u t s i d e  t h i s  a n d
r e l a t e d  i n d u s t r i e s , t h e  h i g h  c o s t s  o f  h a r v e s t i n g ,  t r a n s p o r t i n g
and processing wood or other biomdss  energy sources are generally
strong constraints to economic use of  biomass. Sanitary  land-
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ratio of  E/GNP has declined rapidly, and cont inues  to  dec l ine  in
the U.S. and worldwide.

Another example is the MOI, minimum operating inventory which the
U.S . m u s t  h a v e  o n  h a n d  f o r  p r o c e s s i n g  c r u d e  o i l  t o  f i n i s h e d
p r o d u c t s . I n  r e c e n t  m o n t h s , r e s e r v e s  w e r e  d r a w n  w e l l  b e l o w
danger  po ints  which  have  long  been establ ished and accepted  as
i n v i o l a b l e . But with higher prices and interest rates expediting
a c t i o n , n o  s h o r t a g e s  d e v e l o p e d  i n  p r o d u c t s  i n  a n y  p a r t  o f  t h e
country. Now the National Petroleum Council  is  developing new,
l o w e r  l e v e l s  f o r  t h e  MOI.

It  does not appear unreasonable to question whether the ratio of
p r o d u c t i o n / r e s e r v e s  m a y  h a v e  b e e n  c h a n g e d  b y  t h i s  s a m e  p r i c e
r i s e , and bm e r e s t  r a t e s . H i g h  i n t e r e s t  r a t e s  r a i s e
t h e  c o s t  o f  p r o v i n g  r e s e r v e s i n  a d v a n c e  o f  t h e i r  p r o d u c t i o n .
Since t h e  o i l exploration-development-production c y c l e covers
over  ten  years , resul ts  are  not  necessar i ly  apparent  as  soon  as
p r i c e s  r i s e .

This  author  be l ieves  s igni f i cant  ev idence  has  been seen in  trade
literature and in oil  company annual reports so that,  contrary to
t h e  EIA d e c l i n i n g  p r o j e c t i o n ,  U . S . domest ic  o i l  product ion  has
a l r e a d y  s t a r t e d  t o  i n c r e a s e  a n d  w i l l  c o n t i n u e  t o  i n c r e a s e .  I t
m a y  s o o n  e x c e e d  t h e  r e c o r d  p r o d u c t i o n  l e v e l  o f  1970. A n d  i t
should not be a short-term phenomenon; proven reserves are expec-
t e d  t o  i n c r e a s e , backing up the increased production. (But that
c o n c l u s i o n  i s  n e c e s s a r i l y  s p e c u l a t i v e ; proven  reserves  are  only
those which already have been proven.)- -

Some company annual report  comments  which  may be  pert inent  to
future U.S.  domestic  oi l  reserves and production:

I t  i s  now much less  expensive  to  dr i l l  wel ls  in  the  U.S .  than in
1981-82; companies  report  costs  have d r o p p e d  b y  l/3 t o  l/2 i n
some cases; t h e r e  i s  a  s u r p l u s  o f  d r i l l i n g  r i g s . While most com-
panies  report  1982 explorat ion  and deve lopment  investments  are
down from 1981, they are sti l l  above 1980 and the number of  suc-
cess fu l  wel ls  has  increased .

The Santa Maria Basin off-shore California is the largest domes-
t i c  f i n d  s i n c e  Prudhoe B a y . I t  h a s  b e e n  c o n f i r m e d  a s  a  g i a n t
f i e l d , 300 t o  500 m i l l i o n  b a r r e l s . Some believe that the Bering
S e a  p r o m i s e s  f i n d s  a s  b r i g h t  a s  o r  e x c e e d i n g  t h e  N o r t h  S l o p e .
While the Baltimore Canyon has been disappointing in oil  to date,
i t  o f f e r s  m u c h  g a s  p r o m i s e ; f a r t h e r  f r o m  s h o r e  a n d  s o u t h w a r d
appears promising. Deeper horizons are looking good in on-shore
f i e l d s , whi le  EOR may f inal ly  b lossom with  carbon d iox ide  p iped
to  Texas  f rom Colorado ,  and  newer  CO2 f inds  near  and in  the  o i l
f i e l d s .

One company reports, "We e s t i m a t e  t h a t  a  p o t e n t i a l  o f  600 m i l l i o n
additional barrels of  crude oil  can be produced through the con-
tinued use of  thermal and tertiary enhanced oil  recovery methods.
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These  potent ia l  reserves  wi l l  be  added to  the  proved  category  as
enhanced recovery projects are implemented .‘I Several companies
a d v i s e  t h a t  f o r  t h e  f i r s t  t i m e  s i n c e  t h e  1970s o r  1960s, t h e i r
domestic  proved reserve additions have exceeded annual produc-
t i o n . One company comments,  “Our 1982 experience supports our
bel ie f  that  large  amounts  o f  hydrocarbons  remain  to  be  found in
the United States and the rest of  the world.” (Admittedly, how-
ever , m a n y  o f  t h e s e  p r o m i s e s  m u s t  p a n  o u t  t o  o f f s e t  d e c l i n i n g
o u t p u t  f r o m  p r o d u c i n g  w e l l s ;  Prudhoe B a y  i s  e x p e c t e d  t o  b e g i n
p r o d u c t i o n  d e c l i n e  i n  t h e  l a t t e r  h a l f  o f  t h e  1990s.)

Several companies increased  the ir  domest i c  proven  reserves  over
1981 a n d  s o m e  h a v e  s e t  g o a l s  t o  c o n t i n u o u s l y  i n c r e a s e  d o m e s t i c
reserves  through th is  century , while at the same time increasing
domestic  production. One company replaced  3.5 t imes  the  gas  i t
produced during 1982. (Even though gas  is  not  a  very  attract ive
commodity -Ed. ) O t h e r  c o m p a n i e s  h a v e  d e c r e a s e d  o r  s u s p e n d e d
f o r e i g n  r e s o u r c e  d e v e l o p m e n t  i n  f a v o r  o f  i n c r e a s i n g  d o m e s t i c
operat ions . (When foreign oil  was cheap, U.S.  producers typi-
c a l l y  m o v e d  t h e i r  e f f o r t s  a b r o a d ; s i n c e  t h e  l a r g e  i n c r e a s e s  i n
OPEC prices, domest ic  sources  are  comparat ive ly  more  at tract ive
again. By the same token, much U.S. a c t i v i t y  h a s  p u l l e d  o u t  o f
Canada because of unfavorable Canadian regulations and taxes.-Ed)

“Our b e s t  e s t i m a t e s  a t  S h e l l  i n d i c a t e  t h a t  - g i v e n  s u f f i c i e n t
funds  and access  to  the  most  promis ing  areas  - the  industry  has
at  least  a  50-50 chance  o f  f inding  o i l  and gas  equal  to  twice  the
e x i s t i n g  U . S .  r e s e r v e s . ” Others  report  that  large  quant i t ies  o f
petro leum reserves  remain  to  be  found in  the  United  States ;  the
atmosphere  i s  remarkably  d i f ferent  than that  three  to  f ive  years
ago.

B u t  f i n a l l y ,  i n  f a i r n e s s , the American Petroleum Institute annual
forecast was reported in The Oil  and Gas Journal,  September 19,
1983: “API : Don’t be Complacent About Oil Supply.” It warns that
the  U.S . i s  i n  d a n g e r  o f  s l i p p i n g  b a c k  t o w a r d s  i t s  d a n g e r o u s
p o s i t i o n  o f  t h e  1960s. While noting that the U.S. has made much
progress,  by the end of  the century more than 75% of  U.S.  domes-
t i c  o i l  m u s t  c o m e  f r o m  f i e l d s  t h a t  h a v e  n o t  y e t  b e e n  f o u n d .  A s
seen  in  Fig.3-6, taken from the OGJ, API shows not only the mag-
n i t u d e  o f  t h i s  t a s k  b u t  t h a t , evz with its accomplishment,  U.S.
o i l  p r o d u c t i o n  i s  s t i l l  p r e d i c t e d  t o  d e c l i n e  s t e a d i l y  f r o m  t o d a y
u n t i l  1995. This author has the temerity to believe otherwise.

T h e  Nationallan (NEPP-1983)

Having reviewed U.S. energy demand, supply  and pr ic ing  prospects
f o r  t h e  f u t u r e , i t  could  be  appropr iate  here  to  rev iew the  po l i cy
a n d  t a c t i c s  h i g h l i g h t s  o f  NEPP-1983,  w h i c h  i s  a  r e p o r t  t o  t h e
Congress by the U.S. Department of Energy, required  by  Ti t le  VIII
of  the Department of  Energy Organization Act (Public Law 95-91).
However, t h a t  p l a n  c a n  b e  s t a t e d  v e r y  b r i e f l y : The Government
intends  to  le t  f ree  market  forces  determine  energy  act iv i t ies  in
the United States.
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U.S. RESOURCE AND AVERAGE ELECTRICITY PRICES
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The Outlook for U.S. Oil Production
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U.S.Automotive Fuel

As shown e a r l i e r , automotive v e h i c l e s consume about
three-quarters  o f  t ransportat ion  fue l  used  in  the  United  States .
Consequent ly ,  deve lopments  or  events  invo lv ing  automot ive  fue l
u s a g e  a r e  l i k e l y  t o a f f e c t  a v i a t i o n  f u e l  s u p p l i e s , p r i c e s  a n d
dest in ies  more  than many major  events  in  the  av iat ion  arena.  I t
i s  t h e r e f o r e  a p p r o p r i a t e t o  o u t l i n e  h e r e  t h e  m a i n  f e a t u r e s  o f
a u t o m o t i v e  f u e l s  i n  t h e  U . S . ,  a s  w e l l  a s  p r o j e c t i o n s  f o r  t h e i r
future .

Much of  the information here is  taken directly from an excellent,
comprehensive report  by  David  L. Greene ,  Transportat ion  Energy
Group, Oak Ridge National Laboratory, DOE, which was presented at
the Energy Information Administration P e t r o l e u m  su_eplu
I n f o r m a t i o n  Sy_mposium  i n  A r l i n g t o n ,  V A ,  A u g u s t  24, 1983. For
s i m p l i c i t y , on ly  o ther  sources  wi l l  be  re ferenced ,  so  the  reader
may conc lude  that  a l l  unreferenced  charts  and in format ion  come
from that source. I n  f a c t , t h i s  a c c o u n t  i s  e s s e n t i a l l y  a  d i g e s t
o f  G r e e n e ' s report ; t h i s a u t h o r  d o e s  n o t  d i f f e r  w i t h  h i s
i n f o r m a t i o n  o r  c o n c l u s i o n s  i n  a n y  r e s p e c t ,  a n d  s e l e c t s  i t  i n
preference to other highway analyses or reports on the subject.

Again,  l ike the previous EIA material  presented on world and U.S.
enewyr this  p ic ture  o f  the  automot ive  fue l  market  i s  cons is tent
among its own components, as  wel l  as  with  the  ear l ier  wor ld  and
n a t i o n a l  p i c t u r e s . I t  i s  t h e  s o u r c e  f o r  a u t o m o t i v e  i n p u t s  i n t o
NEPP-1983.

A s  i n d i c a t e d  b y  Fig.4-1, U . S . automot ive  vehic les  consumed 100
t r i l l i o n  g a l l o n s  o f  g a s o l i n e a n d  15 t r i l l i o n  g a l l o n s  o f  d i e s e l
f u e l  i n  1981. Other  fue ls , s u c h  a s  e t h a n o l ,  m e t h a n o l ,  LPG, CNG
a n d  LNG w e r e  u s e d  i n  s u c h  s m a l l  q u a n t i t i e s  t h a t  t h e y  d o  n o t
r e g i s t e r  o n  t h i s  s c a l e . They are discussed in Chapter 7.

Fig.4-1 a lso  shows that  gaso l ine consumption reacted somewhat to
t h e  1973-74 c r u d e  o i l  p r i c e  r i s e  i n  Fig.4-2 (Im_pact),  b u t  r e s u m e d
i t s  c l i m b , virtual ly  unabated, u n t i l  t h e  s e c o n d  p r i c e  s h o c k  o f
1979-80. A t  t h a t  p o i n t , g a s o l i n e  c o n s u m p t i o n  b e g a n  a  s t e a d y
d e c l i n e  a t  a b o u t  t h e  s a m e  r a t e  w i t h  w h i c h  i t  h a d  s o  r e c e n t l y
grown. The  gaso l ine c o n s u m e d  i n  1982 w a s  s l i g h t l y  l o w e r  t h a n
t h a t  o f  1973.

B y  c o n t r a s t , h i g h w a y  use'of d i e s e l  r e s p o n d e d  v e r y  l i t t l e  t o
e i t h e r  p r i c e r i s e  a n d  i t s  c o n s u m p t i o n  g r o w t h  h a s  c o n t i n u e d  a t
a l m o s t  a constant rate . B y  1981, d i e s e l consumption was
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determining  future  d iese l  t rends . In turn, t h i s  .outlook i s  o n e
of  the  most  important  cons iderat ions  for  av iat ion  because  o f  the
c l o s e  r e l a t i o n s h i p  b e t w e e n  d i e s e l  f u e l  a n d  J e t  A ;  t h e y  b o t h
compete for the same fraction of  the crude barrel .

R a t h e r  t h a n  k e e p  a v i a t i o n  r e a d e r s  i n  s u s p e n s e ,  i t  w i l l  b e  s a i d
here  at  once  that ,  perhaps  surpr is ingly ,  
d i e s e l i z a t i o n  t r u c k s  a n d  a u t o m o b i l e s  w i l l  c o n t i n u e
t o  qrow i n  t h e  f u t u r e ;  f u t u r e~ondiesel~tion i s
expected  tozessentiallys the GNP and to
pre_sent noreat t o  f u t u r e  a v i a t i o n  f u e l . The reasons
f o r  t h i s  c o n c l u s i o n  w i l l  b e  fulwted. A s  i n  a l l  o t h e r
f o r e c a s t s , p a r t i c u l a r l y  t h o s e  c o n c e r n i n g  e n e r g y  a n d  f u e l ,  t h i s
conc lus ion  is  subject  to  a l l  the  caveats  which  have  a lready  been
expressed. But, i f  wor ld  and nat ional  economic , p o l i t i c a l  a n d
s o c i a l trends c o n t i n u e  a s assumed, th i s c o n c l u s i o n  i s  a n
unusually f irm one.

Past Trends

A b o u t  t w o - t h i r d s  o f  e n e r g y  u s e d  f o r  a l l  t y p e s  o f  t r a n s p o r t a t i o n
in  the  U.S . i s  f r o m  g a s o l i n e  a n d  a l m o s t  a l l  o f  t h a t  (97.5%) i s
used on the highway. Since now, a s  w i l l  b e  s e e n  i n  m o r e  d e t a i l
l a t e r , n e a r l y  a l l  h e a v y  h i g h w a y  e q u i p m e n t  i s  d i e s e l - p o w e r e d ,
gasoline trends may be developed from trends in automobiles and
l i g h t  t r u c k s  t o g e t h e r . They  account  for  more  than 90% o f  tota l
gaso l ine  used .

For  perspect ive , i n  1981 U . S .  d o m e s t i c  a v i a t i o n  u s e d  538 m i l l i o n
g a l l o n s  o f  g a s o l i n e ,  o r a b o u t  o n l y  0.35% o f  t h a t  u s e d  b y
automot ive  vehic les . J e t  f u e l , a t  n e a r l y  10 b i l l i o n  g a l l o n s  i n
1981, was  about  8.7% o f  the  fue l  used  by  automot ive  vehic les .  As
s e e n  i n  Fig.4-3 (2-4), jet consumption is about 80% the amount of
d iese l  fue l  consumption . I n  t h i s  c h a r t ,  b o t h  j e t  f u e l  a n d  d i e s e l
g r o w  v e r y  l i t t l e  f r o m  1983 t o  1990, w h i l e  r e t a i n i n g  a b o u t  t h e i r
same relationship. However, since gasoline demand is expected to
dec l ine  20-25% in  the  same per iod , b o t h  j e t  f u e l  a n d  d i e s e l  w i l l
become larger  percentages o f  t h e  n a t i o n a l  t r a n s p o r t a t i o n f u e l
used.

From 1950 through 1973 U.S. gasoline use grew at an average rate
o f  4.7%. It  had dec l ined  only  twice  in  U.S .  h is tory ;  dur ing  the
Great  Depress ion  and again  dur ing  WWII. But, s i n c e  t h e  g r e a t
c r u d e  o i l  p r i c e  r i s e  o f  1979, Fig.4-2, gaso l ine  use  has  dec l ined
f o r four s t r a i g h t years , the longest downturn on record .
(Gaso l ine  consumption  i s  expected  to  dec l ine  on  out  for  the  rest
o f  the  century . )

N o t  a l l  o f  t h i s  d e c l i n e  h a s  b e e n  d u e  t o  t h e  h i g h  p r i c e  r i s e .
"Government f u e l economy s t a n d a r d s ,  a weak economy, and
d i e s e l i z a t i o n  h a v e  a l l  p l a y e d  i m p o r t a n t ,  i n t e r r e l a t e d  r o l e s . "
But  pr ice  has  been the  pervading , u n d e r l y i n g  f o r c e  b e h i n d  t h i s
trend.
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W h i l e  g a s o l i n e  w a s  35 c e n t s / g a l  i n  1970, w e  t e n d  t o  f o r g e t  t h a t
w a s  a b o u t  90 c e n t s  i n  1982 d o l l a r s . From Fig.4-4 it  can be seen
t h a t  t h e  r e a l  p r i c e  o f  g a s o l i n e  t o d a y  i s  s t i l l  o n l y  a b o u t  140% o f
i t s  r e a l  p r i c e  i n  1970.

A s  g a s o l i n e  p r i c e s  w e r e  f l u c t u a t i n g  i n  Fig.4-4, b e g i n n i n g  i n
1975, n e w  c a r  f u e l  e c o n o m y  b e g a n  a  s t e a d y  c l i m b ,  a s  s h o w n  i n
Fig.4-5, so  that  the  cost  o f  fue l  per  mi le  was  a f fected  as  shown
i n  Fig.4-6. S o , f o r  ner c a r  d r i v e r s , f u e l  c o s t / m i l e  p e a k e d  i n
1974 a n d  s h o w s  n o  s i g n s  o f  r e t u r n i n g  t o  t h a t  l e v e l . I t  i s  n o w
the cheapest on record, about 4.4 cents/mile and almost 30% below
1969 l e v e l s . A l l  t h i s  f u e l - c o n s u m p t i o n  i n f o r m a t i o n  i s  b a s e d  o n
EPA combined fuel economy for new cars. Since on-road experience
h a s  g e n e r a l l y  b e e n  10-20% w o r s e ,
adjusted by that amount,

a l l  t h e s e  f i g u r e s  s h o u l d  b e
but  the  re lat ionships  remain . The cost

o f  f u e l  i n  n e w  c a r s  i s  v e r y  l o w  t o d a y , r e l a t i v e  t o  a n y  p o i n t  i n
h i s t o r y .

As seen, t h e  s t o r y  i s  s o m e w h a t  d i f f e r e n t  f o r  t h e  t o t a l  v e h i c l e
f l e e t , w h e r e  t h e  h i g h e s t  c o s t  p e a k e d  i n  1980, n o t  1974. Since
t h e n  t h e  f l e e t  c o s t  h a s  d r o p p e d  f r o m  a b o u t  9  c e n t s / m i l e  t o  7.7
c e n t s / m i l e . This  i s  s t i l l  not  much above  the  1969 leve l  o f  about
6.8 c e n t s / m i l e . E v e n  t h o u g h  s t o c k  t u r n o v e r  i s  r e l a t i v e l y  s l o w ,
the newer cars continue to have better fuel  economy and the real
p r i c e  o f  g a s o l i n e  i s  c o n t i n u i n g  t o  d r o p . The  f leet  average  cost
for  fue l  there fore  should  soon  drop  be low that  for  1970.

" I n  t h e  s h o r t  r u n , c o n s u m e r s  r e s p o n d  t o  h i g h e r  f u e l  p r i c e s  b y
cutt ing  back  on  vehic le  usage . " Although seasonal trends tend to
swamp non-seasonal trends, t h i s  i n f l u e n c e  w a s  c o n f i r m e d  i n  1979
and 1980, when the  pr ice  o f  gaso l ine  rose  by  50%. I n t e r e s t i n g l y ,
an econometric study showed that the use of  vehicles of  dif ferent
s i z e s  r e s p o n d s  d i f f e r e n t l y  t o  c h a n g e s  i n  g a s o l i n e  p r i c e . Use of
smal l  cars  drops  only  hal f  as  much as  for  large  cars ,  whi le  l ight
trucks  fa l l  about  midway between the  two. T o t a l  v e h i c l e  m i l e s
grew at about 4% per year until  1979, but has held about constant
s i n c e  t h a t  t i m e . The decrease i n  t o t a l  g a s o l i n e  d e m a n d  s i n c e
1979 i s  t h e r e f o r e  a t t r i b u t a b l e  t o  b e t t e r  f u e l  e c o n o m y  i n  t h e
f l e e t .

" S i n c e  1979 l a g g i n g sales  and reduced  scrappage  have  retarded
stock e f f i c i e n c y improvement... Had 1979 rates of s a l e s and
s c r a p p a g e  p r e v a i l e d  i n  1982, t h e  c h a n g e i n  v e h i c l e  s t o c k  f u e l
economy might have been 30% greater than it was."

Fuel economy of new cars had been s l o w l y  b u t  s t e a d i l y  d e c l i n i n g
unti l  1974, when gaso l ine  pr ices  abrupt ly  rose  by  35%. Congress
passed the Energy P o l i c y and Conservation Act of 1975,
e s t a b l i s h i n g Corporate Average Fuel Economy (CAFE) standards.
This c o m b i n a t i o n  o f high p r i c e s and new regulat ions
revo lut ionized  fue l  economy interest  in  the  car  market . "S ince
1974 new car  economy has  been increas ing  dramatica l ly , "  Fig.4-5.
It almost doubled from 1974 to 1982.
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But  now,  "... i t  appears  that  the  s teady  march o f  improving  new
c a r  e c o n o m y  i s  i n  jeapardy." F o r  t h e  f i r s t  t i m e ,  b o t h  G M  a n d
Ford are predicting that they will  not meet the CAFE standard of
26.0 mpg average in 1983, falling below by about 2 mpg. Chrysler
e x p e c t s  t o achieve 27.5, while AMC. p r o j e c t s  31.6. After
f a c t o r i n g  i n  a l l  t h e  w e i g h t e d  e x p e c t e d  s a l e s  o f  d o m e s t i c  a n d
f o r e i g n  m o d e l s , G r e e n e  c o n c l u d e s  n e w  c a r  f u e l  e c o n o m y  w i l l
d e c l i n e  f o r  t h e  f i r s t  t i m e  s i n c e  1974.

Part  o f  the  impress ive  new car  fue l  economy shown in  Fig.4-5 is
preference f o r smaller c a r s . Most, h o w e v e r ,  i s due to
engineer ing  and manufactur ing  changes ,  and most  o f  that  due  to
decreased  car  weiqht within  car  c lasses . F r o m  1978 t o  1981, t h e
a v e r a g e  i n e r t i a  w e i g h t  o f  n e w  c a r s reduced f r o m  3627 t o  3155
pounds, 472 p o u n d s ,  o r 13%. Of the t o t a l f u e l economy
improvement,  54% was due to this weight reduction. The next most
e f fect ive  change  was  reduct ion in performance and engine power,
thereby reducing the horsepower/weight ratio by 9%. This reduced
f u e l  c o n s u m p t i o n b y  a n  a d d i t i o n a l  18%. Improved automatic
t r a n s m i s s i o n s  a n d  m o r e  u s e  o f  m a n u a l s  a c c o u n t e d  f o r  a  f u r t h e r
13%; improved aerodynamics for 9%; a n d  i n c r e a s e d  u s e  o f  d i e s e l
engines  contr ibuted  the  f inal  6%.

V e r y  l i t t l e  i m p r o v e m e n t  i s  f r o m  t e c h n o l o g i c a l  a d v a n c e s ;  m o s t  i s
due to downsizing, performance reduction and c h a n g i n g  o f
transmissions. Greene concludes these improvements are largely
revers ib le  and, i n  a  d e c l i n i n g  f u e l  p r i c e  p i c t u r e ,  c o u l d  l e a d  t o
a swing i n  c u s t o m e r  p r e f e r e n c e ,  m a k i n g  t h e  f u t u r e  d i f f i c u l t  t o
predic t  with  conf idence .

He a lso  po ints  out  that , " W h i l e  t o t a l  u s e  o f  d i s t i l l a t e  f u e l  i s
n o w  15 p e r c e n t  b e l o w  i t s  1973 l e v e l ,  t r a n s p o r t a t i o n  u s e  o f
d i s t i l l a t e  f u e l  h a s  i n c r e a s e d  s u b s t a n t i a l l y . T r a n s p o r t a t i o n
c o n s u m p t i o n  i n  1981 w a s  o v e r  20 b i l l i o n  g a l l o n s  a n n u a l l y ,  a  38
p e r c e n t  i n c r e a s e  o v e r  1978," 1982 d a t a  w i l l  b e  o n l y  s l i g h t l y
l o w e r  t h a n  1981. " V i r t u a l l y  a l l  t h i s  i n c r e a s e d  i m p o r t a n c e  h a s
b e e n  a  r e s u l t  o f  e x p a n d i n g  u s e o f  d i e s e l  f u e l  i n  h i g h w a y
t r a n s p o r t . " H i s  h i s t o r i c a l  r e c o r d  o f  t h i s  g r o w t h  i s  s h o w n  i n
Fig.4-7. " A c c o r d i n g  t o Federal Highway Administration
s t a t i s t i c s , highway use of  diesel  fuels more than tripled between
1965 a n d  1982." Non-highway use increased about 50% in the same
per iod .

T h e  impo_rtant t h i ng, "Within  the  highway mode heavy
t r u c k s  u s e  a l m o s t  a l l  t h e  d i e s e l  f u e l . A l t h o u g h  v i r t u a l l y  a l l
b u s e s  w i t h  t h e  e x c e p t i o n  o f  s c h o o l  b u s e s  u s e  d i e s e l  f u e l ,  t o t a l
b u s  u s e  a m o u n t s  t o  o n l y  3.3 p e r c e n t  o f  t o t a l  t r a n s p o r t a t i o n
d i s t i l l a t e  u s e . I n  1980, automobiles and l ight trucks accounted
f o r  o n l y  2.7 p e r c e n t  o f  t r a n s p o r t a t i o n  d i s t i l l a t e ,  b u t  t h e i r
usage has been growing rapidly. Diese l  use  by  automobi les  and
l i g h t  t r u c k s  w a s  p r o b a b l y  twicw t h e  e s t i m a t e d  1980 l e v e l  i n  1982
and  w i l l  appreoach t h r e e  t i m e s  t h a t  l e v e l  i n  1983. Because autos
and liqht trucks consume almost seven times as much gasoline as
a l l  d i e s e l  f u e l  u s e  b y  h e a v y  t r u c k s  a n d  b u s e s ,  e v e n  r e l a t i v e l y
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t r u c k s . " A c c o u n t i n g  f o r  d i f f e r e n c e s  i n  c o n s u m p t i o n  r a t e  a n d
m i l e a g e ,  h e a v y  d u t y  v e h i c l e s  s t i l l  a c c o u n t  f o r  l e s s  t h a n  l/5 o f
t o t a l  h i g h w a y  f u e l  u s e . O n l y  2% o f  t h e  p r e s e n t  l i g h t  v e h i c l e s
u s e  d i e s e l  e n g i n e s . " T h e  p o t e n t i a l  f o r  l i g h t  d u t y  v e h i c l e
d iese l izat ion  i s  obvious ly  enormous . " T h i s  2% o f  l i g h t  v e h i c l e s
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" S a l e s  o f  d i e s e l  a u t o m o b i l e s  a n d  l i g h t  t r u c k s  d i d  n o t  b e c o m e
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v e h i c l e  s t o c k  e c o n o m y  w i l l  b e  i n s u f f i c i e n t  t o  r e s t r a i n  d e m a n d .
I n  c o n t r a s t , d i e s e l  f u e l  u s e  h a s  i n c r e a s e d  r a p i d l y  d u r i n g  t h e
past decade d e s p i t e p r i c e increases e q u a l  t o t h o s e  o f
gasoline...(but) the h i s t o r i c a l r a t e  o f increase i n  d i e s e l
consumption can only be sustained by dieselization of  medium and
l ight  trucks  and automobi les . R e c e n t  d i e s e l  s a l e s  d e c l i n e s  i n
e a c h  o f  t h e s e  v e h i c l e  t y p e s  i s  i n d i c a t i v e  o f  t h e  f u e l  p r i c e
s e n s i t i v i t y  o f  d i e s e l  m a r k e t  s h a r e s  f o r  l i g h t e r  v e h i c l e s . "

“Withoutr i c e  inc>
v e h i c l e  d i e s e l i z eu s e  o f
d i e s e l f u e l  w i l l  g r o w  faster_as a  w h o l e . "

This chapter assumes that U.S. automotive equipment will continue
t o  b e  p o w e r e d  b y  t h e  c o n v e n t i o n a l  f u e l s ,  g a s o l i n e  a n d  d i e s e l .
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A l t e r n a t i v e  a u t o m o t i v e  f u e l s  s u c h  a s  LPG, CNG, LNG, m e t h a n o l ,
ethanol and hydrogen are discussed in Chapter 7.
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Chapter 5

A v i a t i o n  Fuel

The U.S. a v i a t i o n  j e t  f u e l  c o n s u m p t i o n  h i s t o r y  f r o m  1970 t h r o u g h
1981 a n d  p r o j e c t i o n  f r o m  1981 t h r o u g h  1998, w h i c h  i s  c o n s i s t e n t
with  the  DOE Energy  Information  Administrat ion  (EIA) wor ld ,  U.S.
nat ional ,  and U.S . a u t o m o t i v e  f u e l  p r o j e c t i o n s  o f  C h a p t e r s  2, 3,
a n d  4, w a s  s h o w n  i n  F i g .  4-3, a n d  i s  r e p e a t e d  h e r e  a s  F i g .  5-l.
T h i s  c h a p t e r  d i s c u s s e s  t h a t  f o r e c a s t  i n  c o m p a r i s o n  w i t h  f o r e c a s t s
f r o m  t h e  I n t e r n a t i o n a l  C i v i l  A v i a t i o n  O r g a n i z a t i o n  (ICAO), t h e
F A A ’ s  C u r r e n t  M a r k e t  O u t l o o k ,  p r o j e c t i o n s  b y  B o e i n g  a n d  DOUglaS

aircraf t  companies .

T h e  ICAO f o r e c a s t  r e v i e w e d  h e r e  i s  t h a t  p r e s e n t e d  t o  t h e  24th
S e s s i o n  o f  t h e  ICAO G e n e r a l  A s s e m b l y ,  S e p t e m b e r  20-October  18,
1983 i n  M o n t r e a l ,  a s  A g e n d a  I t e m  19: F u t u r e  A v a i l a b i l i t y  o f
Aviat ion Fuel . During agenda review, t h e  p a p e r  w a s  i d e n t i f i e d  a s
(Working Paper) A24-WP/9. The U.S. P o s i t i o n  w a s  t h a t ,  “The U . S .
s h a l l s u p p o r t  A24-WP/9. The  U.S . Delegation supports ICAO’S
c o n t i n u i n g  e f f o r t s  t o  m o n i t o r  t h e  a v i a t i o n  f u e l  s i t u a t i o n . ” The
U.S. Delegation does comment:

“ P a r a g r a p h s  15 a n d  .17 o f  A24-WP/9 p r e s e n t  l o g i c a l  e x p e c t a t i o n s  o f
f u e l  a v a i l a b i l i t y , a v i a t i o n  f u e l  c o n s e r v a t i o n  a n d  f u t u r e  f u e l
p r i c e s . In  paragraph 18, however , the World Bank was referenced
a s  h a v i n g  a s s u m e d  t h a t  t h e r e  w o u l d  b e  n o  c h a n g e  i n  r e a l  p r i c e
b e t w e e n  1982 a n d  1985. P r i c e s  h a v e  s i n c e  f a l l e n  a n d , i n  t h e
absence  o f  some severe  d isrupt ion  in  wor ld  crude  o i l  suppl ies ,  are
expected to remain soft  until  and when the world economic recovery
increases  i ts  demand for  fue l , in probably two or three years.”

“ T h e r e  i s  a  p o t e n t i a l  r i s k  w h i c h  A24-WP-9 d o e s  n o t  m e n t i o n .  I n
c a s e  o f  a  s e v e r e  d i s r u p t i o n o f  w o r l d  c r u d e  o i l  s u p p l i e s , many
a n a l y s t s  b e l i e v e  t h a t  t h e  p r i c e  o f  c r u d e  o i l  w i l l  d o u b l e . In  the
recent Internat ional
S y s t e m  Test 4

E n e r g y  A g e n c y  (IEA) e x e r c i s e ,  All;:;“,::;
(AST-4), i n  w h i c h  t h e  U . S . supply was

h y p o t h e t i c a l l y  b y  o n e  m i l l i o n  b a r r e l s  p e r  d a y  ( a b o u t  6%), t h e
p r i c e  o f  c r u d e  o i l  j u m p e d  t o  $98 p e r  b a r r e l . S t a t e s  s h o u l d  b e
a w a r e  o f t h i s  p o t e n t i a l consequence and remain a l e r t  t o  t h e
p o s s i b i l i t i e s  f o r  i n t e r r u p t i o n  o f  w o r l d - w i d e  c r u d e  o i l  d e l i v e r i e s . ”

With r e s p e c t  t o AST-4, Chairman Phillip R. Sharp, House
Subcommittee on Fossil  and Synthetic  FUelS, in opening the hearing
o f  J u n e  30, 1983, c o m m e n t e d ,  “ I n  a  s i m u l a t e d  o i l  c r i s i s ,  u n d e r
which  the  o i l  shar ing  arrangements  o f  the  IEA were  t r iggered ,  the
h y p o t h e t i c a l  p r i c e  o f  o i l  r o s e  t o  $98 p e r  b a r r e l . A n  SPR drawdown
p o l i c y  t h a t  h a n d l e s a n  e m e r g e n c y  b y  t r i p l i n g  o i l  p r i c e s , even
temporarily, i s  a  p r e s c r i p t i o n  f o r  d i s a s t e r . ”
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r e l i e v e  p r e s s u r e  o n  d e m a n d s  f o r  o i l  a n d  e a s e l o n g - t e r m  a v i a t i o n
supply l ( T h i s  i s  c o n t r a r y t o  EIA’s NEPP-1983,  w h i c h  f o r e c a s t s
more U.S. switching  from natural  gas  back to  o i l -Ed. ) .

I t  n o t e s  t h a t  a v i a t i o n  f u e l  r e q u i r e m e n t s  a r e  r e l a t i v e l y  s m a l l
c o m p a r e d  w i t h  t o t a l  w o r l d  o i l  r e q u i r e m e n t , b u t ,  “...e x p e c t e d  t o
i n c r e a s e  a t  a  h i g h e r  r a t e  t h a n  t h e  o v e r a l l  d e m a n d  f o r  o i l ,  m a i n l y
because  a ir  t ransport  i s  expected  to  cont inue  to  grow more  rapid ly
than the world economy. w S i g n i f i c a n t improvements in f u e l
e f f i c i e n c y  a r e  e x p e c t e d  f o r  a i r  t r a n s p o r t . “Previous assessments
that improvements i n  f u e l  e f f i c i e n c y  c o u l d  a p p r o a c h  20 p e r  c e n t
o v e r  t h e  1980 t o  1990 p e r i o d  a n d  t h a t  f u r t h e r  i m p r o v e m e n t s  o f  t h e
s a m e  o r d e r  s h o u l d  b e  p o s s i b l e i n  t h e  1990s ( C i r c u l a r  149-AT/52
should  be  achievable , g i v e n  t h e  r e s u m p t i o n  o f  t r a f f i c  g r o w t h  a n d
assoc iated  f leet  modernizat ion . ”

I t  f i n d s  n o  i n s t a n c e s  o f  u n f a i r  o r  d i s c r i m i n a t o r y  p r a c t i c e s  i n  t h e
supply  o f  fue l  reported  s ince  the  last  Assembly .

R e f e r r i n g  t o  t h e  I n t e r n a t i o n a l  E n e r g y  A g e n c y  (IEA) f o r e c a s t s ,  ICAO
expects,  “. .  . r e a l  o i l  p r i c e s  t o  f a l l  a t  b e t w e e n  3.3 a n d  3.9 p e r
cent  per  annum between 1980 and 1985. A f t e r  1985, t h e  r a n g e  o f
a n t i c i p a t e d  p r i c e  t r e n d s  e x t e n d s  f r o m  a  c o n s t a n t  r e a l  p r i c e  r i s e
to a r i s e  o f 3 per cent per annum. Under these var ious
assumptions ( a n d  o t h e r s  r e l a t e d  t o  e c o n o m i c  g r o w t h  a n d  o i l
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o i l  p r i c e  i n  1982 t o  a f f e c t  t h e  l o n g - t e r m  u p w a r d  p r i c e trend,w .  ..which was  determined pr inc ipal ly  by  rates  o f  economic  growth
in i n d u s t r i a l countr ies a n d  o i l  p r o d u c t i o n l e v e l . The World
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ICAO c o n c l u d e s , “These anticipated developments may be expected to
r e s u l t  i n  a d e q u a t e  s u p p l i e s  o f  a v i a t i o n  f u e l  b e i n g  a v a i l a b l e  a t
p r i c e l e v e l s  w h i c h  w i l l  n o t  s e r i o u s l y  h i n d e r  t h e  g r o w t h  i n  a i r
t r a n s p o r t  o v e r  t h e  1980s a n d  1990s.” B y  i n c l u d i n g  t h e  c a v e a t  o n
the  probabi l i ty  o f  wor ld  crude  o i l  d isrupt ion ,  th is  author  agrees .

FAA Fuel Forecasts.-  1983-1984-

B e c a u s e  o f t h e  1981 c o n t r o l l e r s ’ s t r i k e  t h e  r e l e a s e  o f  FAA'S
Aviat ion  Forecasts  has  been moved f rom i ts  t radi t ional  October  o f
each year .to the following February. Consequently, t h e  1983 i s s u e
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w a s  r e l e a s e d  i n  F e b r u a r y  1983, w h i l e  t h e  1984 i s s u e  w i l l  n o w  b e
r e l e a s e d  i n  F e b r u a r y  1984. E a c h  i s  m o r e  p r a c t i c a l l y  i n d e x e d  t o
i t s  p r e v i o u s  y e a r ;  t h a t  i s , t h e  1983 i s s u e  i s  n e c e s s a r i l y  b a s e d  o n
1982 d a t a . T h i s  s h i f t  s h o u l d  t h e r e f o r e  b e  n o t e d  a s  a  c h a n g e  i n
timing between the previous FAA data reported in the Impact report
and this report on U.S. Energy: Aviat ion  Perspect ive .

F A A ’ s  f o r e c a s t  o f  t h e  G r o s s  N a t i o n a l  P r o d u c t , Consumer Price
Index, and Fuel  Pr ice  Index  are  based  on  analys is  o f  forecast  data
from Chase  Econometr ics ,  Data  Resources ,  Inc . ,  Evans  Economics ,
I n c . , and Wharton Econometric Associates. “ A v i a t i o n  a c t i v i t y  i s
e x p e c t e d  t o  r e v e r s e  t h r e e  s t r a i g h t  y e a r s  o f  l o s s e s  i n 1983,
r e f l e c t i n g  a  r e t u r n o f  t h e  A i r  T r a f f i c  C o n t r o l  n o r m a l c y  a n d  a n
u p t u r n  i n economic a c t i v i t y . ” T h e r e  i s some a r g u m e n t  a s  t o
whether the ATC has returned to normalcy.

Ac tua l l y , a i r p o r t  a r r i v a l  a n d  d e p a r t u r e  c a p a c i t y  i s  s t i l l  l i m i t e d
a t  s o m e  l o c a t i o n s . B u t  t h e  F A A  h a s  r e d i s t r i b u t e d  i t s  c o n t r o l l e r
manpower  to  complete ly  restore  capac i ty  in  a l l  the  enroute centers
( A i r  R o u t e  T r a f f i c  C o n t r o l  C e n t e r s - ARTCCs) and at all of the
high-vo lume a irports . A i r p o r t  o p e r a t i n g  c a p a c i t y  c o n t i n u e s  t o  b e
l i m i t e d  b y  t h e  r u n w a y  a n d  f a c i l i t y  c a p a c i t i e s  o f  s o m e  i n d i v i d u a l
large  terminals ,  but  not  by  ATC. At  some o f  the  smal ler  a i rports ,
c o m m u t e r  a n d  p r i v a t e  f l i g h t s  m a y  s t i l l  e x p e r i e n c e  s o m e  c a p a c i t y
inconvenience due  to  manpower  shortage . But in the scale of
nat ional  av iat ion  fue l  consumption , i t  i s  f a i r  t o  s a y  t h a t  t h e  ATC
system has fully returned to normal.

F A A ’ s  1983 F o r e c a s t ,  h o w e v e r , c o u l d  n o t  f o r e s e e  t h e  1983 l o w e r
rate of economic recovery , d e v e l o p m e n t s  i n the a i r l i n e
bankruptcy / labor  interrupt ions , o r  e f f e c t s  o f  b e l o w - c o s t  f a r e s  o n
a i r l i n e  r e v e n u e s . The  Forecast  there fore  predic ted  that  the  GNP,
a d j u s t e d  f o r  inflation,woulcfgrow a t  a n  a v e r a g e  r a t e  o f  3.1% f r o m
1982-1994 a n d  d o m e s t i c  a i r  c a r r i e r  r e v e n u e  p a s s e n g e r  m i l e s  w o u l d
i n c r e a s e  a t  5.1 p e r c e n t  a n n u a l l y  f r o m  1982-1994. The number of
o p e r a t i o n s  ( f l i g h t s ) ,  h o w e v e r , h a s  e x p e c t e d  t o  g r o w  b y  o n l y  1.8%,
d u e  t o  s h i f t  t o w a r d  l a r g e r  a i r c r a f t  a n d  l o n g e r  t r i p  l e n g t h s  ( f o r
t h e  a i r c a r r i e r s ; commuter c a r r i e r s are c l a s s e d  w i t h  g e n e r a l
a v i a t i o n ) . The Forecast assumed a full  economic upswing by 1984,
with economic growth expected at between 3.4 and 5.0%

Commuter  carr iers  were  forecast  to  enplane 5.8% of  a l l  fare  paying
p a s s e n g e r s  i n  1983 a n d ,  b y  1994, t o  i n c r e a s e  t h e i r  s h a r e  t o  8.1%.
Commuters and air taxis were expected to nearly double the volume
o f  t h e i r  o p e r a t i o n s  b e t w e e n  1982 a n d  1994. Neverthe less ,  because
o f  s h o r t  r a n g e s a n d  s m a l l  a i r c r a f t , t h e i r  c o n t r i b u t i o n  t o  f u e l
c o n s u m p t i o n  i s smaller than t h e i r passenger carr iage would
i n d i c a t e .
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W h i l e  F o r e c a s t  1983-1984 n o t e d  a t  i t s  p u b l i c a t i o n  t h a t  t h e r e  w a s
already  cons iderable  d isagreement  on  the  s trength  o f  the  nat ional
economic  recovery , a t  t h a t  t i m e  F A A  e x p e c t e d  f u e l  p r i c e s  w o u l d
r e s u m e  t h e i r  u p w a r d  t r e n d  i n  1983, b u t  a t  a  r a t e  s l o w e r  t h a n  t h e
economic recovery. I t  c a n  b e  a s s u m e d  t h a t  t h e  1984 r e p o r t  w i l l
r e v i s e  t h a t  e s t i m a t e  f u r t h e r  d o w n w a r d . I n  f a c t , the Wharton
m a t e r i a l  f o r  F o r e c a s t  1984-1985, which shows about an 8% drop in
f u e l  p r i c e s  i n  1983, p r e d i c t s  a  l a r g e r  d r o p ,  t o  a  t o t a l  o f  a b o u t
10% b e l o w  i n f l a t i o n ,  f o r  1984. W h a r t o n ’ s  f o s s i l  E n e r g y  P r i c e
Index  forecast  for  September  1983 is  shown in  Fig .  5-3. From 1987
t h r o u g h  1993, Wharton  predic ts f o s s i l  f u e l  w i l l  r i s e  1.5% p e r
annum faster than the GNP implicit  price deflator.

Wharton now i n c i d e n t a l l y ,  “...projects a modest OPEC p r i c e
increase o f  $1 p e r  b a r r e l  b y  mid-1984---,” d e s p i t e  c o n t i n u i n g
excess  product ion  capac i ty  in  the  Pers ian  Gul f . ”

F A A  a l s o  e x p e c t e d  a  s h a r p  u p t u r n i n  a v i a t i o n  a c t i v i t y  i n  1983,
which no doubt will also be revised downward.

C o m b i n i n g  a l l  t h e  f a c t o r s  o f  a v i a t i o n  t r a f f i c , a i r c r a f t  s i z e s ,
passenger load f a c t o r s , t r i p l e n g t h ,  AX delays , f u e l
conservat ion , e t c . , the F A A  A v i a t i o n F o r e c a s t s  - 1983-1994
p r e d i c t i o n  o f  t o t a l  U . S .  d o m e s t i c  f u e l ,  i n  m i l l i o n s  o f  g a l l o n s ,  i s
shown in Fig. 5-4, where it  is  compared with EIA'S estimates from
their 1982 Annual Energy Outlook-.- ( S o m e  o f  t h e  d i f f e r e n c e  b e t w e e n
F A A  a n d  IEZ i s  i n  c o n v e r s i o n  f r o m  BTUs t o  g a l l o n s  o f  j e t  f u e l ) .
Aviat ion  Fuel  Pr ice  Index  forecasts  ( Indexed  to  CY 1972) by  Chase ,
DRI EVANS,

-i--a n d  W h a r t o n  f o r  t h e  1983 r e p o r t ,  a r e  g i v e n  i n  F i g .
5-5. also s h o w n is Management and Budget (OMB) O i l  a n d  G a s
D e f l a t o r  ( B a s e  1972) f o r  1984.. F A A  w i l l  p r o b a b l y  u s e  t h e s e  OMB
data in the FAA Aviation Forecasts - 1984-1995.-

Boeing- -

From Current  Market  Out look ,  March ,  1983, Boeing  pro jected  World
G N P  g r o w t h  a t  3.1% a v e r a g e  1982-1995 a n d  U . S .  g r o w t h  a t  2.8%.
However, a s  s h o w n  i n  F i g .  5-6, t h i s  a v e r a g e  i s  f a r  .from c o n s t a n t ,
w i t h  a  r a p i d  recov,ery  f r o m  a  n e g a t i v e  G N P  i n  1981 t o  a  r a n g e  o f
4-6% growth in 1984. B o e i n g ’ s  c o r r e s p o n d i n g  CPI i n f l a t i o n  f o r  t h e
U . S . , Western  Europe, C a n a d a  a n d  J a p a n  a r e  g i v e n  i n  F i g .  5-7,
where U.S. i n f l a t i o n  i s  n e a r l y  c o n s t a n t  a t  j u s t  o v e r  5% f r o m  1982
through 1986.

Boeing’s world and U.S. a ir l ine  fue l  consumption  forecasts  through
1995 and 1990, respect ive ly ,  are  g iven in  Figs .  5-8 and 5-7, where
the  trends  are  seen  to  agree  wel l  wi th  ICAG and others . Boeing ’s
e s t i m a t e  o f  a i r l i n e  f u e l  c o n s u m p t i o n  e f f i c i e n c y  o f  F i g .  5-10 s h o w s

f l e e t improvement from about
;iles/gal) i n  1983 t o  43.5 i n  1990,

41 ASMS/gal ( A v a i l a b l e  S e a t
indicating an improvement of
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f o r  t h e  l a s t  s e v e n m o n t h s  o f  t h e  y e a r , OPEC produced at about
18.82 MMBD. At Vienna on December 20, 1982, OPEC raised its quota
t o  18.5 MMBD, b u t  t o o k  n o  f u r t h e r  a c t i o n , and many oil buyers saw
t h e  r e s u l t  a s  a n i n d i c a t i o n  t h a t  a  p r i c e  d r o p  w a s  i m p e n d i n g ,
part icular ly  as  spot  pr ices  were  fa l l ing  at  the  t ime.

F o l l o w i n g  a n i n f o r m a l  m e e t i n g  o f s e v e n  O P E C  o i l  m i n i s t e r s  i n
B a h r a i n  i n  e a r l y  J a n u a r y ,  1983, OPEC called an emergency meeting
f o r  J a n u a r y  23, when Sheikh Yamani o f  Saudi  Arabia  to ld  the  press
t h e  m e e t i n g  h a d  b e e n  a  “ t o t a l  f a i l u r e . ” T h e r e  f o l l o w e d  a  s e r i e s
of meetings including OPEC and non-OPEC producers, which led to a
further drop in OPEC purchases and further speculation that prices
w o u l d  d r o p  d r a s t i c a l l y ; s o m e  e x p e c t e d  i t  c o u l d  f a l l  a s  f a r  a s  t o
$7 a  b a r r e l  i n  1983 d o l l a r s . T h i s  a c t i v i t y  f i n a l l y  l e d  t o  t h e
M a r c h  1983 m e e t i n g  i n  L o n d o n , w h e r e  t h e  r e d u c t i o n  t o  $29 w a s
agreed upon.

A t  t h e  t i m e  o f  t h e i r  r e p o r t ,  M c D o n n e l l - D o u g l a s  r e g a r d e d  t h e  $29
p r i c e  a s  b e i n g  t h r e a t e n e d  b u t , because  o f  growth in  U.S .  GNP in
t h e  f i r s t  q u a r t e r ,  1983, the  prospect  was  looking  bet ter . “Every
1% increase  in  GNP resul ts  in  an  increase  in  petro leum demand o f
about  0.6% for  the  U.S . and Europe and about 1% for less developed
countr ies . T h e  w o r l d  a v e r a g e  i s  b e t w e e n  t h e s e  values.w McD-D
a l s o  e x p e c t e d  t h e  v a l u e  o f  t h e  d o l l a r  t o  f a l l  a n d  r e d u c e  p r e s s u r e
o n  o i l  p u r c h a s e s  o u t s i d e  t h e  U . S . , e s s e n t i a l l y  r e d u c i n g  t h e  p r i c e
o f  o i l  f u r t h e r  f o r  t h o s e  m a r k e t s . However, t h e  d o l l a r  a n d  U . S .
interest  rates  have  not  yet  fa l len  much s ince  the ir  report .

MCD-D a s s u m e s  t h a t  t h e  $29 p r i c e  w i l l  h o l d  d u r i n g  1983 a n d  t h a t ,
accordingly , r e a l  p r i c e s  w i l l  d r o p  a l m o s t  11.6%. Nominal prices
wi l l  then hold  s teady through 1984, c l imb s l ight ly  more  than 5% in
1985, a n d  w i l l  i n c r e a s e  a t  a  r a t e  b e t w e e n  6.9% a n d  8.7% f o r  t h e
years  between 1986 and 1992. Removing  inf lat ion  provides  that  the
r e a l  p r i c e  w i l l  d e c l i n e  15.5% i n  1983, f a l l  a n  a d d i t i o n a l  4.2% i n
1984, and remain e s s e n t i a l l y unchanged in 1985. R e a l  p r i c e
i n c r e a s e s  a r e  t h e n  e x p e c t e d  o f  1.6% i n  1986 a n d  3.6% i n  1987, w i t h
the rate through 1992 running at just under 3% per year.

J e t  f u e l  p r i c e s  i n  t h e  U . S . f e l l  i n  l a t e  1982 a n d  e a r l y  1983, w i t h
s o m e  s p o t  c u t s  a s  m u c h  a s  20% f o r  a  t i m e . McD-D d o e s  n o t  e x p e c t
t h e s e  c u t s t o  c o n t i n u e , a l t h o u g h  p r i c e s have  dr i f ted  somewhat
f u r t h e r  s i n c e  t h e i r  r e p o r t . R e f i n e r y  p r o f i t  m a r g i n s  h a v e  b e e n
unusually low. “ T r a d i t i o n a l l y , t h e  l e a s t  p r i c e - e l a s t i c  p r o d u c t  -
i n  t o d a y ’ s  m a r k e t ,  a v i a t i o n  k e r o s e n e  - i s  s u b j e c t  t o  t h e  g r e a t e s t
increase in refinery margins when demand rises.”

In  rea l  terms, w i t h  t h e  G N P  d e f l a t o r  a p p l i e d ,  t h e i r  p r e d i c t i o n  i s
f o r  a  15.8% f a l l  i n  1983, a  4.2% d e c l i n e  i n  1984, n o  c h a n g e  i n
1985, a n d  b e t w e e n  1986 a n d  1992, r e a l  p r i c e  i n c r e a s e s  w i l l  r a n g e
b e t w e e n  2.6% a n d  3.9%. A s  i n  a l l  f o r e c a s t s , t h e  f u t u r e  i s
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g e n e r a l l y  m o r e  t r a n q u i l  t h a n  t h e  p r e s e n t  a n d  r e c e n t  p a s t . “BY
1992 t h e  p r i c e  o f  j e t  k e r o s e n e ,  i n  r e a l  t e r m s ,  i s  p r e d i c t e d  t o  b e
a b o u t  i t s  1982 l e v e l , s t i l l  u n d e r  i t s  r e c o r d  1981 r e a l  p r i c e . ”

McD-D’s predic t ions  for  crude  and Jet  kerosene  pr ices  are  g iven  in
F i g .  5-11.

Fuel Quality

A p p a r e n t l y  a l l  fOreCaSterS o f  c r u d e  o i l  t r e n d s  a g r e e  t h a t  f u t u r e
w o r l d  c r u d e  o i l  s u p p l i e s  w i l l  b e  o f  h e a v i e r  q u a l i t y  t h a n  t h o s e  o f
t h e  p a s t . T h a t  i s , f u t u r e  c r u d e  o i l  s t o c k s  h a v e  b e e n  s t e a d i l y
trending  toward higher  bo i l ing  po int  content ,  l ess  hydrogen in  the
const i tuents , with more s u l f u r , n i trogen, metals, and other
impuri t ies . W i t h  f u t u r e  w e l l s  d r i l l e d  t o  g r e a t e r  d e p t h s  a n d  i n
l e s s  p r o m i s i n g  l o c a t i o n s , t h i s  t r e n d  i s e x p e c t e d  t o  c o n t i n u e
i n d e f i n i t e l y  i n  t h e  f u t u r e . Some l ight  crude  stocks  wi l l  probably
b e  f o u n d  i n  f u t u r e  w o r l d  o i l  e x p l o r a t i o n . B u t  t h e  o p i n i o n  i s
overwhelming t h a t  t h e  w o r l d  a v e r a g e o f  c r u d e  o i l  q u a l i t y  w i l l
c o n t i n u e  t o  f a l l  s t e a d i l y .

Straight d i s t i l l a t i o n operat ions s t i l l dominate the w o r l d ’ s
re f inery  processes . B y  f r a c t i o n a l  d i s t i l l a t i o n ,  a  b a r r e l  o f  c r u d e
o i l  i s  s e p a r a t e d  o u t  i n t o  i t s  p r i m a r y  c o m p o n e n t s :  l i g h t  l i q u i d s ,
g a s o l i n e , m i d d l e  d i s t i l l a t e s , r e s i d u a l  o i l , g r e a s e s ,  w a x e s  a n d
asphalt. B y  d i s t i l l a t i o n , the  barre l  o f  crude  can be  d iv ided  only
i n t o  t h e  m a t e r i a l s  i t  a l r e a d y  c o n t a i n s . I f  t h e  c r u d e  o i l  b a r r e l
i s wheavier,w i t  w i l l  p r o d u c e  a  l a r g e r  p r o p o r t i o n  o f  h e a v y
products. I f  a  b a r r e l  o f  c r u d e  c o n t a i n s  f e w e r  c o m p o n e n t s  i n  t h e
b o i l i n g  r a n g e  o f  j e t  f u e l , a  l o w e r  p e r c e n t  o f  j e t  f u e l  w i l l  b e
obtained from the barrel .

Many have  seen this  s i tuat ion  as  an  inevi table  predict ion  that  je t
f u e l , along w i t h  d i e s e l f u e l , other m i d d l e  d i s t i l l a t e s , and
perhaps  the  whole  s late  o f  petro leum products , wi l l  t rend toward
h e a v i e r  l e v e l s . R e c o g n i z i n g  t h a t  t h e s e  h e a v y  p r o d u c t s  c a n  b e
cracked i n t o  l i g h t e r  f r a c t i o n s ,  w h i l e  l i g h t  f r a c t i o n s  m a y  b e
synthesized in to des i red m i d d l e  p r o d u c t s , the opinion s t i l l
p r e v a i l e d  t h a t  h e a v i e r f u e l s  w o u l d  b e  p r o d u c e d  d u r i n g  t i m e s  o f
fuel  emergencies. Many refiners expected they would be faced with
more  in fer ior  crude  dur ing  shortages  and that  customers  should  be
p r e p a r e d  t o accept i n f e r i o r p r o d u c t s ,  a t l e a s t  i n t i m e  o f
emergencies.

By comparison, Boeing shows i n  F i g . 5-14 h o w  t h e  c u s t o m e r s ’
demands  for  petro leum products  are  expected  to  vary  f rom 1982 to
2000. The demand for  gaso l ine  and d ist i l late  fue ls  i s  expected  to
i n c r e a s e  s u b s t a n t i a l l y , w h i l e  t h a t  f o r  r e s i d u a l  f u e l s  s h o u l d  d r o p
by almost half .
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B u t  n o w  t h i s  c h a i n  o f  i n e v i t a b i l i t y  o n  c r u d e  o i l  r e f i n i n g  a p p e a r s
t o  h a v e  b e e n  b r o k e n , o r  t o  b e  r a p i d l y  d i s s o l v i n g . Demand for
automobile gaso l ine has dec l ined dramatical ly , r e s u l t i n g in
a v a i l a b i l i t y  o f l i g h t e r  f r a c t i o n s t h a t  h a d  p r e v i o u s l y  b e e n  i n
strong demand. It  now appears that the demand for highway diesel
f u e l  ( a  d i r e c t  c o m p e t i t o r  o f  j e t  k e r o s e n e )  w i l l  n o t  g r o w  n e a r l y  a s
f a s t  a s  p r e d i c t e d , although this is  a new trend which may not yet
be recognized and accepted. Developments  in c a t a l y s t s and
r e f i n e r y operations have  proceeded rap id ly a n d  p r o c e s s e s are
b e c o m i n g  e c o n o m i c a l l y  f e a s i b l e  w h i c h  w e r e  t o o  e x p e n s i v e  i n  t h e
past .

A  major  dr iv ing  force  has  been the  fading  market  for  res idual  fue l
o i l , o n c e  a  m a i n s t a y  o f  r e f i n e r y  o p e r a t i o n s . Now the market for
resid has fallen so far that it is a liability in refinery
operat ions . I t  i s  d i f f i c u l t  t o  f i n d  a  p l a c e  t o  s t o r e  t h e  resid t o
permit conventional r e f i n e r i e s t o  c o n t i n u e  t h e i r  r u n s . Resid
se l l s  for  lower  pr ices  than the  crude  f rom which  i t  i s  produced .

M o s t  r e f i n e r s  h a v e  n o w  m a d e  m a j o r  d e c i s i o n s  t o  t a k e  t h e  b u l l  b y
the horns. M a n y  o f  t h e  s m a l l e r  a n d  l e s s  s o p h i s t i c a t e d  r e f i n e r i e s
have been shut down and permanently withdrawn from operations as
the demand for nearly all  products has receded. New components or
r e b u i l t  r e f i n e r i e s  a r e  b e i n g  c o n f i g u r e d  t o  y i e l d  a  w i d e  r a n g e  o f
products from v i r t u a l l y any crude f eedstock which can be
imagined. Pre-processing o f extremely heavy and contaminated
s h a l e  o i l  h a s  s h o w n  t h a t  i t  c a n  b e  c o n v e r t e d  e c o n o m i c a l l y  i n t o  a
super ior -grade  feedstock .

M o s t  i m p o r t a n t ,  t h e s e  t y p e s  o f  o p e r a t i o n s  w h i c h  w e r e  p r e v i o u s l y
r e g a r d e d  a s  s p e c i a l  a n d  e x t r a - c o s t , a r e  b e i n g  i n c o r p o r a t e d  i n t o
r o u t i n e  o p e r a t i o n s . S o m e  r e f i n e r i e s  w i l l  n o  l o n g e r  p r o d u c e  a n y
r e s i d u a l  o i l  o r  o t h e r  i n f e r i o r  p r o d u c t s . B y  hydrotreatment a n d
synthes is , t h e i r  e n t i r e  p r o d u c t s l a t e  w i l l  b e  i n  t h e  h i g h - v a l u e
category . S o m e  n o w  i n d i c a t e  t h a t  t h e r e  i s  e n o u g h  f l e x i b i l i t y  i n
these processes that the product f u e l s p e c i f i c a t i o n m a y  b e
ef fec t ive ly  se lected  by  customers .

I n  t h e  l i g h t  o f  t h e s e  d e v e l o p m e n t s , i t  now appears  unl ike ly  that
f u e l  c u s t o m e r s  w i l l  b e  f a c e d  w i t h  a  p r o l i f e r a t i o n  o f  s u b s t a n d a r d
products . Unless  a  very severe worldwide crude supply emergency
o c c u r s  v e r y  s o o n  and p r e v a i l s  f o r  m a n y  m o n t h s ,  i t  i s  d i f f i c u l t  n o w
to  imagine  how these i n f e r i o r  f u e l s  w i l l  c o m p e t e  i n  t h e  m a r k e t .
In  a  very  few years , i t  m a y  b e  i m p o s s i b l e  t o  f i n d  a n y  s u c h  f u e l s
in the market under any circumstances.

But  the  s i tuat ion  does  appear t o  s i g n a l  t w o  c a u t i o n s  t o  a v i a t i o n
fue l  users :

,\?
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Growth of GNP Implicit Price Deflator and
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contended here  that  complete  deregulat ion  o f  gas  pr ices  and u,sage,
as well  as mandating gas pipelines as common carriers (or otherwise
r e l e a s i n g  n a t u r a l  g a s  t r a n s p o r t a t i o n  f r o m  u n n a t u r a l  r e s t r i c t i o n s ) ,
w i l l  f u r t h e r i n c r e a s e  g a s  c o n s u m p t i o n , g a s  p r o d u c t i o n , reduce
p r i c e s ,  a n d  s i g n i f i c a n t l y  r e d u c e  t h e  p r i c e  o f  o i l  i n  t h e  w o r l d
market.

How much? I t  i s  d i f f i c u l t  t o  p r e d i c t  p r i c e s  e v e n  u n d e r  existing
i n s t i t u t i o n a l  c o n d i t i o n s . Effects o f  t h e  c h a n g e s  s c h e d u l e d  u n d e r
NGPA a r e  n o w  b e i n g  h o t l y  d e b a t e d  i n  Congress. Equally eminent
analysts predict that gas prices will go up or go down. But, s i n c e
EIA conc ludes  that  a  moderate  re-evaluation o f  o i l  pr ices  downward
b y  a b o u t o n e  d o l l a r  p e r t h o u s a n d  c u b i c  f e e t  ( m i l l i o n  Btu) i n
NEPP-1984 w i l l  p r o b a b l y  d e p r e s s  o i l  p r i c e s  b y  $4/bbl, t h i s  a u t h o r
hazards t h a t  c o m p l e t e  d e r e g u l a t i o n  o f  g a s could r e a l i s t i c a l l y
depress  wor ld  o i l  pr i ces  by  ten  do l lars  per  barre l  or  more .

At  least  as  far  as  forecasts  and model ing  indicate ,  i t  appears  that
t h i s  k i n d  o f  r e d u c t i o n  i n  o i l  p r i c e s  w o u l d  h a v e  a  l o n g - t e r m  e f f e c t ,
depressing oil  prices out through the turn of  the next century.

This question may turn out to be a moot one. The U.S. may not be
a b l e  t o  a c t  s o o n  e n o u g h  i n  i t s  n a t u r a l  g a s  a f f a i r s  t o  d r i v e  t h e  o i l
market. Middle East producers are s t i l l f l a r i n g prodig ious
q u a n t i t i e s  o f  g a s , sa id  to  be  more  than twice  as  may Btus per  day
t h a n  i s  b e i n g  p r o d u c e d  i n  o i l  o u t  o f  A l a s k a . S o m e  g a s  i s  b e i n g
reinjected t o  m a i n t a i n  f i e l d  p r e s s u r e ,  b u t  v a s t  q u a n t i t i e s  a r e
s t i l l  b e i n g  w a s t e d . (There i s  d i s p u t e  a b o u t  w h e t h e r  g a s  i s
c u r r e n t l y  b e i n g  f l a r e d  i n  t h e  U . S . b e c a u s e  o f  i n a b i l i t y  t o  m a r k e t
i t  u n d e r  t h e  NGPA; a p p a r e n t l y  s o m e f l a r i n g  i s  o c c u r r i n g  a t  s m a l l
o i l  wel ls  in  Ohio  and Indiana. )

M i d d l e  E a s t  p r o d u c e r s  p l a n to, use much of their waste gas in
producing methanol, a s  t h e y  a r e  a b l e  t o  b u i l d  t h e  r e q u i r e d  c a p i t a l
investments  for  methanol  p lants  f rom the ir  o i l  revenues . The most
immediate e f f e c t f r o m  t h i s a c t i o n may be an i m p a c t  o n our
petrochemical market by new M i d d l e  E a s t  f i n i s h e d  p r o d u c t s  d e r i v e d
from methanol. B u t  b o t h  b y  b a c k i n g  o i l  o u t  o f  p e t r o c h e m i c a l s  a n d
by worldwide expansion of  methanol uses, this  Middle  East  gas  may
achieve for Middle East producers much of  what the U.S.  could gain
for  i tse l f  by  unshackl ing  i ts  domest ic  natural  gas  product ion .

W h i l e  M i d d l e  E a s t  p r o d u c e r s  c a n n o t  e f f e c t i v e l y  p e n e t r a t e  t h e  U . S .
NG m a r k e t  n o w  b e c a u s e  o f  t h e  h i g h  c o s t s  o f  t r a n s p o r t a t i o n  b y  LNG,
t h e  s a m e  b a r r i e r  w i l l  n o t  e x i s t  f o r  m e t h a n o l . Once produced from
natural  gas , methanol can be shipped worldwide l ike crude oil .

These  addit ional  methanol  pro f i ts  wi l l  a lso  go  to  the  Middle  East ,
t h e  i n i t i a t i v e s  w i l l  r e m a i n  w i t h  t h e m ,  w h i l e  U . S .  e n e r g y  i m p o r t s
w i l l  n o t  b e  r e l i e v e d ,  a n d  t h e  U . S . w i l l  r e m a i n  a s  d e p e n d e n t  o n
fore ign  energy  as  previous ly .
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If, instead o f  producing  exc lus ive ly  petrochemicals  and methanol ,
s o m e  o f  t h e  M i d d l e  E a s t  n a t u r a l  g a s  i s  l i q u e f i e d  a n d  a  s i g n i f i c a n t
world l iquid methane network develops, t h e  p r i c e  o f  l i q u i d  n a t u r a l
g a s  (LNG) i s  l i k e l y  t o  b e s u b s t a n t i a l l y  l o w e r t h a n  p r i c e s  f o r
a v i a t i o n  g a s o l i n e  o r  j e t  f u e l . While this eventually may not be so
probable as methanol development, i t  s e e m s  a t  l e a s t  p o s s i b l e .  I f
sor i t  would  o f fer  an  attract ive  opportunity  for  many a ir  carr iers ,
a n d  p a r t i c u l a r l y  g e n e r a l  a v i a t i o n  p i s t o n - d r i v e n  a i r c r a f t ,  t o  s w i t c h
f r o m  a v i a t i o n  j e t  f u e l  o r  g a s o l i n e  t o  LNG.

I f  a  w o r l d - w i d e  LNG d i s t r i b u t i o n  s y s t e m  s h o u l d  e m e r g e ,  s o  t h a t
w o r l d  LNG p r i c e s  p e r Btu c o u l d  l e v e l  o u t  s u b s t a n t i a l l y  l o w e r  t h a n
pertroleum p r i c e s , i t  w o u l d  v e r y  l i k e l y  j u s t i f y  t h e  d e s i g n  a n d
c o n s t r u c t i o n  o f  n e w  a i r c r a f t  a n d  e n g i n e s  o p t i m i z e d  t o  o p e r a t e  o n
LNG . T h e s e  a i r c r a f t  s h o u l d  n o t  o n l y  a c h i e v e  b e t t e r  p e r f o r m a n c e ,
maintenance  and fue l  economy t h a n  c o n v e n t i o n a l  g a s o l i n e  - a n d
JetA-powered a i r c r a f t , t h e i r DOCS s h o u l d  b e lower. Some
indicat ions  o f  these  benef i ts  were  d iscussed  in  Impact .

S o  t h e r e  a r e  s e v e r a l  s i g n i f i c a n t reasons why the aviation community
should  be  interested  in  poss ib le natural gas market developments.

Natural Gas Pricing and Taxing

The  Impact  report  d iscussed  var ious s o u r c e s  f o r  s u p p l y i n g  n a t u r a l
gas a n d  i n d i c a t e d  t h e i r  p r o s p e c t s f o r  p r o d u c t i o n . This  author
conc ludes , as have many, that present U.S. (and world)  natural  gas
production capacity appreciably exceeds present market demand. The
AGA a d v i s e d  t h a t  e x c e s s  g a s  p r o d u c t i o n  c a p a c i t y  i s  c u r r e n t l y  a b o u t
15% o f  c u r r e n t  U . S .  p r o d u c t i o n (AGA adverti,sement  i n  t h e  The
N a t i o n a l  J o u r n a l ,  O c t o b e r  10, 1983). In this period of a “gas
b u b b l e , ” ‘w h i c h  i s  c o m p a r a b l e  t o  t h e  “ o i l  g l u t , ’  t h e r e  i s  l i t t l e
i n c e n t i v e  t o  e x p l o r e  f o r  o r  d e v e l o p  n e w  g a s  u n l e s s  i t  c a n  b e  s o l d
i n  s o m e  o f  t h e  h i g h - p r i c e  c a t e g o r i e s . Consequent ly ,  the  nat ional
e f f o r t  t o  f i n d  a n d  p r o d u c e  m o r e  g a s  r e s e r v e s  h a s  b e e n  s e v e r e l y
c u r t a i l e d .

N o t  o n l y  h a s  U . S . 9s explorat ion b e e n  l i m i t e d , b u t  t e c h n i c a l
research and development for extending conventional gas sources and
for  deve loping  unconvent ional  sources  has  now languished  for  many
years . Indeed, r e g u l a t i o n s  o f  t h e  N a t u r a l  G a s  A c t  o f  1938 c a u g h t
the  natural  gas  industry  in  i ts  in fancy ,  whi le  the  NGPA has  not  yet
r e l e a s e d  i t . Consequently,  our U.S. NG technology  has  never  been
encouraged nor d e v e l o p e d  b y the d r i v e  o f genuine economic
i n c e n t i v e s .

While the DOE has a gas research  program as  wel l  as  a  program in
b a s i c  e n e r g y  r e s e a r c h , w h i l e  t h e  i n s t i t u t e  f o r  G a s  T e c h n o l o g y  a n d
t h e  G a s Research I n s t i t u t e and other I n s t i t u t i o n s can mount
impress ive  presentat ions o f  t h e i r  p r o g r a m s , w h i l e  t h e  S y n t h e t i c
F u e l s  C o r p o r a t i o n  i s  p r o m o t i n g  s o m e  i m p r e s s i v e  g a s  p r o d u c t i o n
p r o j e c t s , the t r u t h  i s that t h e r e  i s l i t t l e e n t h u s i a s m  o r
i n i t i a t i v e , a n d  v e r y  l i t t l e  r e a l  e f f e c t i v e n e s s  i n  t h e  e n t i r e  U . S .
gas R&D picture. Some indiv idual  ef,forts are  very  good ,  but  there
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i s  n o  b r o a d  d r i v e , a s  t h e r e  h a s  bee; i n  e l e c t r o n i c s  a n d  o t h e r
f i e l d s . T h i s  s a m e  a p a t h y  e x i s t s  i n  e n h a n c e d  o i l  r e c o v e r y  (EOR) i n
t h e  U . S . f o r  d i f f e r e n t ,  b u t  p a r a l l e l  r e a s o n s . How can r e a l
e n t h u s i a s m  d e v e l o p  w h e n  t h o u s a n d s  o f  o i l  w e l l s  a n d  g a s  w e l l s  a r e
capped in  the  U.S . because  o f  regulat ions ,  where  new,  speculat ive
d r i l l i n g  i s  f i n a n c i a l l y  m o r e  p r o f i t a b l e  t h a n  p r o d u c i n g  e x i s t i n g ,
s h u t - i n  g a s  r e s o u r c e s ,
been made?

where  the  capi ta l  investments  have  a lready
When inst i tut ional  and tax  barr iers  s trangle  a  market ,

t e c h n o l o g i c a l  i n i t i a t i v e  i s  a l s o  s t r a n g l e d .

S o m e  o b s e r v e r s  h a v e  t a k e n  t h i s  s o f t  s u p p l y  o f  r e s e r v e s  a s  a n
i n d i c a t i o n  t h a t  U . S .  g a s  r e s o u r c e s  m u s t  b e  v e r y  l i m i t e d . The
.IIE;ct :;pof;;t and most i n d u s t r y  s o u r c e s  c o n t e n d  t h i s  i s  n o t  t h e

s o m e  f e e l  t h a t  t h e  w o r l d ’ s  n a t u r a l  g a s  r e s o u r c e s
m a y  ‘ b e  e i t h e r ’  p r a c t i c a l l y  o r  l i t e r a l l y  u n l i m i t e d . This  author
c o n c l u d e s  th.at, g i v e n  f r e e  m a r k e t  c o n d i t i o n s ,  t h e  w o r l d ’ s  a n d  t h e
U.S.‘S gas supplied are vast indeed.

A n d  t h i s  a u t h o r  a l s o  c o n c l u d e s  t h a t  t h e  t e c h n o l o g i c a l  p r o b l e m s  o f
natural gas e x p l o r a t i o n , production and consumption are f a r
t r a n s c e n d e d  b y i t s i n s t i t u t i o n a l and p r i c i n g
Consequently,

problems.
whi le  the  Impact  report  was  more  concerned  with  the

s i z e  o f  o u r  g a s  r e s o u r c e  a n d  i t s  p o t e n t i a l  p r o d u c t i o n ,  t h i s  r e p o r t
is  concerned  more  with  the  inst i tut ional  restr i c t ions  which  prevent
n a t u r a l  g a s  f r o m  r e a l i z i n g  i t s  p o t e n t i a l  i n  t h e  U . S .  a n d ,  i n  t u r n ,
the’world energy market.

NEPP-1983, w h i c h  w a s  p r e s e n t e d  t o  C o n g r e s s o n  O c t o b e r  4, 1983,
l i s t s  t w o  i n i t i a t i v e s  w h i c h  D O E  S e c r e t a r y  Hodel c h a r a c t e r i z e s  a s ,
“ v i t a l : ” t h e  r e m o v a l  o f  c o n t r o l s  o n  n a t u r a l  g a s  wellhead p r i c e s ,
and reform of  nuclear l icensing and regulatory processes.

Natural Gas Requlation

Natural  gas  regulat ion  in  the  United  States  began with  the  Natural
G a s  A c t  o f  1938, which assigned to the Federal  Power Commission,
a u t h o r i t y  t o  r e g u l a t e  g a s  p r i c e s ,  s a l e  c o n d i t i o n s ,  a n d  t h e  r a t e  o f
return  earned  by  interstate  p ipe l ines . The  last  two  words  in  that
sentence are important: FPC r e g u l a t i o n  a p p l i e d  o n l y  t o  i n t e r s t a t e ,
g a s  a n d  o n l y  t o  t h a t  t r a n s p o r t e d  i n  p i p e l i n e s .
remained

I n t r a s t a t e  g a s
unregulated, p l a c i n g  f u r t h e r  c o m p e t i t i v e  s t r e s s e s  a n d

distort ions  on  interstate  operat ions .

W h i l e  i m p o r t e d  n a t u r a l  g a s  i s  a l s o  r e g u l a t e d  w h e n  i t  e n t e r s  t h e
U.S. i n t e r s t a t e  p i p e l i n e  s y s t e m , b o t h  i m p o r t e d  a n d  d o m e s t i c  g a s
w h i c h  i s  t r a n s p o r t e d  i n  t h e  U . S . i n d e p e n d e n t  o f  t h e  i n t e r s t a t e
p i p e l i n e  d i s t r i b u t i o n  s y s t e m ,  i s  u n r e g u l a t e d . I f  e x p a n d e d  t o
compete with the p i p e l i n e s ,  a n unregulated nat ional LNG
d i s t r i b u t i o n  s y s t e m  w o u l d  c h a l l e n g e  t h e  r e g u l a t e d  s y s t e m ,  a s  w e l l
a s  t h e  s p e c i a l  b u y e r / s e l l e r  r e l a t i o n s h i p s  i n h e r e n t  i n  t h e  p r e s e n t
p i p e l i n e  s y s t e m . N a t u r a l  g a s  c o n v e r t e d  t o  m e t h a n o l ,  t r a n s p o r t e d
u n r e g u l a t e d  a s  a  l i q u i d , and reconverted’  to methane, w o u l d  a l s o
escape  the  interstate  gas  contro l ,  tax  and contract  s tructure .
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It was confirmed by the Supreme Court ’s  1954 Phill ips Case that the
Natural  Gas  Act  empowers  FPC to  yeuyey natural  gas  pr ices  at  t;;
wellhead. Consequently, FPC t o regulate p r i c e s
indiv idual  producers  based  on  the ir  h is tor ic  rates  o f  return . When
t h i s  p r o c e d u r e  p r o v e d  t o o  c u m b e r s o m e ,  FPC b a s e d  p r i c e s  o n  t h e
h i s t o r i c  c o s t s  o f  s e v e n  m a j o r  g a s  p r o d u c i n g  a r e a s  i n  t h e  U . S . ,
e s t a b l i s h e d  b y  a  s e r i e s  o f  r a t e  p r o c e e d i n g s , which  were  rev ised
f r o m  t i m e  t o  t i m e . T h e s e  a r e a  r a t e s  w e r e  f i n a l l y  r e p l a c e d  i n
December 1973 with a blanket escalation rate.

T h i s  i n t e r s t a t e  r e g u l a t i o n  l e d  t o  a  g r a d u a l  s h i f t  o f  p r o d u c t i o n
t o w a r d  t h e  u n r e g u l a t e d  i n t r a s t a t e  m a r k e t  a n d ,  b y  1972, s h o r t a g e s
were  beginning to show up in t h e  i n t e r s t a t e  m a r k e t . I n  1973,
p r i o r i t i e s  w e r e  e s t a b l i s h e d f o r nine d i f f e r e n t c a t e g o r i e s  o f
interstate  users  and the  1977 Emergency  Natural  Gas  Act  gave  the
P r e s i d e n t  a u t h o r i t y  t o  t r a n s f e r  n a t u r a l  g a s  f r o m  s u r p l u s  a r e a s  t o
shortage areas.

The NPGA of  1978 required the Federal Energy Regulatory Commission
(FERC, w h i c h  s u c c e e d e d  t h e  FPC) t o  r e g u l a t e  i n t r a s t a t e  g a s  a s  w e l l
a s  i n t e r s t a t e  g a s  a n d  a  s e t  o f  p r i c e s  w a s  e s t a b l i s h e d  a c c o r d i n g  t o
t h e  p h y s i c a l  d e s c r i p t i o n  o f  e a c h  w e l l ,  t h e  y e a r  i t  w a s  d r i l l e d ,  a n d
whether i t s  p r o d u c t i o n w a s  d e d i c a t e d  t o  i n t e r s t a t e  c o m m e r c e  b y
c o n t r a c t . A  s e t  o f  i n c r e m e n t a l  p r i c i n g  r u l e s  w a s  e s t a b l i s h e d  t o
a l l o c a t e  t h e  c o s t  o f  s o m e  h i g h - p r i c e d  g a s  t o  c e r t a i n  i n d u s t r i a l
users , thereby supplying residences with more of  the low-cost gas.

I n  1979 t h e  A c t  w a s  a m e n d e d  t o  p r o t e c t  n a t u r a l  g a s  t o  “ e s s e n t i a l
a g r i c u l t u r e ”  a n d  o t h e r “ h i g h  p r i o r i t y ”  u s e r s ,  w h i l e  deregula;;;;
gas produced from deep wells,  coal  seams, and Devonian Shale.
p r o v i s i o n  p r o h i b i t e d  n e w e l e c t r i c a l  g e n e r a t i o n  p l a n t s  f r o m  u s i n g
natural  gas , and imposed  other  industr ia l  restricitions. I n  1980,
t h e  A c t  w a s  e x t e n d e d  b y  s e t t i n g  a  p r i c e f o r  n e w  t i g h t  f o r m a t i o n
gas . For  those  interested ,  DOE/EIA-0329, A Chronology  o f  Major  Oi l
a n d  G a s  R e g u l a t i o n s ,  F e b r u a r y  1982, l i s t s  a n d  d e s c r i b e s ,  b y  yeart
a l l  s i g n i f i c a n t  o i l  a n d  g a s  r e g u l a t i o n s  f r o m  1889 t o  1982.

A tab le showing the c a t e g o r i e s  o f natural 9s and i t s
‘ d e r e g u l a t i o n ” schedule under the NGPA of  1978 has been compiled by
t h e  A m e r i c a n  G a s  A s s o c i a t i o n  (AGA) a n d  i s  i n c l u d e d  h e r e  a s  F i g .
6-3. N o t e  t h a t  a l l  i t s  p r i c e s w e r e  b a s e d  o n  c r u d e  o i l  p r i c e s
b e f o r e  t h e y  d o u b l e d  i n  1979-80. I n  l e s s  t h a n  a  y e a r  a f t e r  t h e i r
establishment, t h e s e  r e g u l a t e d  p r i c e s  w e r e  t h e r e f o r e  n o  l o n g e r
comparable t o  o i l  p r i c e s . If for no other reason, T h e  NGPA
d e s e r v e s  r e v i s i o n  o r  r e p e a l  b e c a u s e  o f  i t s  o b s o l e t e  a n d  u n r e a l i s t i c
p r i c e  b a s i s .

N o t e  a l s o  t h a t  f i n a l  d e r e g u l a t i o n  u n d e r  t h e  A c t  i s  s c h e d u l e d  f o r
J u l y  1, 1987. But, a t  t h a t  t i m e , m o r e  c a t e g o r i e s  o f  g a s  w i l l
r e m a i n  requlated  t h a n  w i l l  h a v e  b e e n  derequlated. I n  f a c t ,  a l l
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1977, w i l l  b e  a l l o w e d  t o  r i s e  t o  o n l y  $0.316/Mcf i n  1985. Why
w o u l d  a  p r o d u c e r  s e l l  a n y  o f  t h i s  g a s  a t  t h e  r e g u l a t e d  p r i c e  w h e n
“t ight  formation  gas” i s  a l l o w e d  a  p r i c e  o f  $6.140/Mcf, a l m o s t  20
t imes  as  great , w h i l e  n e w  o f f s h o r e  g a s ,  r o l l o v e r  c o n t r a c t  g a s ,  a n d
other categories are completely deregulated?

Under the NGPA, i n  1985 w h e n  a l l  g a s  i s  p o p u l a r l y  b e l i e v e d  t o  h a v e
b e e n  d e r e g u l a t e d ,  t h i s  “ m i n i m u m  r a t e  g a s , ”  a t  $0.316/Mcf, i s  s t i l l
regulated  at  a  leve l  equal  to  crude  o i l  at  $1.85 per  barre l !

C l e a r l y  t h e  NGPA o f  1978 i s  a  h a l f - w a y  m e a s u r e . I t  was  recognized
as a compromise a t  i t s t i m e  o f  p a s s a g e ; w h i l e  i t  a n t i c i p a t e d
i n f l a t i o n , i t  d i d  n o t  a l l o w  f o r  a n o t h e r  g e n e r a l  i n c r e a s e  i n  o i l
p r i c e s ,  a n d  i t s  p o p u l a r  r e p u t a t i o n  f o r  “ d e r e g u l a t i n g ”  g a s  i n  1985
i s  s a d l y  m i s l e a d i n g . U n d e r  t h i s  p r e s e n t  l e g i s l a t i o n ,  U . S .  n a t u r a l
g a s  w i l l  n e v e r  b e  d e r e g u l a t e d  t o  t h e  s a m e  e x t e n t  a s  c r u d e  o i l  i n
the United States. There is  general  agreement that something must
be  done . D e p e n d i n g  o n  t h e i r  i n t e r e s t s , var ious  const i tuents ,  are
recommending different solutions.

Opinions on U.S. Natural Gas

The U.S. natural  gas  s i tuat ion  is  compl icated  enough so  that  i t  can
be easily misinterpreted and confused by every analyst or spokesman
w i t h  a  v e s t e d  i n t e r e s t . L i k e  t h e  B i b l e , re ferences  and  examples
can be  c i ted  to  prove  a lmost  anything  one  wishes . I t  i s  d i f f i c u l t
f o r those without o c c u p a t i o n a l  o r investment b i a s  t o  r e m a i n
unopinionated; i n  f a c t ,  p r o b a b l y  e v e r y o n e  i n t e r e s t e d  i n  t h e  s u b j e c t
i n e v i t a b l y  d e v e l o p s  s t r o n g  o p i n i o n s . Whi le  at tempting  to  remain
o b j e c t i v e , t h u s  a u t h o r  i s  c o n s c i o u s  o f  h a v i n g  s t r o n g , perhaps
r a d i c a l , op in ions .

I t  i s  p r o b a b l y  f a i r t o  s a y  t h a t  t h e  p r e s e n t  U . S .  n a t u r a l  g a s
s i t u a t i o n  a n d  t h e  NGPA v i c t i m i z e a l l  U . S . p a r t i c i p a n t s  i n  t h e
natural gas arena to some extent. In  turn , t h e  e n t i r e  U . S .  p u b l i c

v i c t i m i z e d  b y  h i g h e r  p r i c e s .
iSices

T h r o u g h  e f f e c t s  o n  w o r l d  o i l
and  markets , t h e  e n t i r e  w o r l d  a n d i t s  p o p u l a t i o n  a r e

a f f e c t e d . Even the  most  pr imit ive  people  are  a f fected  when the ir
f o r e s t s  a r e  d e p l e t e d  d i r e c t l y  o r  i n d i r e c t l y  b e c a u s e  o f  t h e  w o r l d
energy  s i tuat ion . F o r  a l l  t h o s e  w h o  s u f f e r  l o s s e s ,  t h e r e  m u s t  b e
others  who  benef i t . I n  t h e  o p i n i o n  o f  t h i s  a u t h o r , ’  t h e  g r e a t e s t
benef i t  accrues  now to  OPEC and other  o i l  produces ,  through OPEC
m a i n t e n a n c e  o f  h i g h e r  w o r l d  o i l  p r i c e s . The U.S. a n d  i t s  p u b l i c
there fore  suf fer  by  further  subs idy  o f  OPEC;  even more  suf fer ing  i s
borne  by  the  f inancia l ly  be leaguered  nat ions .

But, rather than promoting opinions which t h i s author
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supply and demand fundamentals, p r i c e s  w i l l  s t a b i l i z e  t h i s  y e a r
(1983) or  next - -barr ing  further  d isrupt ions  in  o i l  markets . ”

While gas consumers are complaining of  high prices and expecting
a d d i t i o n a l  p r i c e  r i s e s , some producers complain that they cannot
find markets for their gas. How can this be?

A l t h o u g h  t h e  g l u t  e x i s t s , i t  i s  a  s h o r t - r u n  s u r p l u s ,  w i t h  g a s
produced from existing wells, and not based on long-run growth in
product ion capabi l i ty . U n d e r  t h e  NGPA, t h e r e  i s  l i t t l e  i n c e n t i v e
f o r addit ional explorat ion and development, e x c e p t  i n the
uncontro l led ,  h igh-pr iced  gas  categor ies . The  1979 rapid  r ise  in
o i l  p r i c e s  l e d  e a r l y  t o  m o r e  d r i l l i n g  i n  e s t a b l i s h e d  f i e l d s ,  n o t
t o explorat ion  for  new f inds .

Before the gas glut became apparent, p ipe l ines  had b id  up pr ices
from suppl iers  in  order  to  assure  themselves  long- term suppl ies .
They  a lso  agreed  to  take-or -pay  prov is ions ,  permitt ing  producers
t o  d e l i v e r  t h e i r  h i g h e s t - p r i c e d  g a s , assur ing  producers  o f  h igh
r e v e n u e  a n d  e a r l i e r  p a y o u t s  o n  t h e i r  i n v e s t m e n t s . P i p e l i n e s
t h e r e f o r e  l o s t  t h e i r  a b i l i t y  t o  d e c r e a s e t h e s e  h i g h - p r i c e d
purchases when the recession, tougher  compet i t ion  f rom o i l ,  and
increased conservation, shrank the gas market demand.

Much gas  i s  now contro l led  at  pr ices  lower  than can pay  for  i ts
replacement  by  new explorat ion  and deve lopment . At the same
t i m e , some unregulated  gas  has  been c o n t r a c t e d  a t  v e r y  h i g h
p r i c e s . Natural gas is being imported from Canada and Mexico at
about  double  the  domest ic  pr i ce , a n d  a  s m a l l  q u a n t i t y  o f  LNG i s
imported  f rom Alger ia  at  even higher  pr ices . These ’  prices are
a l l  p a s s e d  t h r o u g h  a n d  r a i s e  t h e  c o s t  t o  c u s t o m e r s .  S o ,  a s
demand subs ides  due  to  h igh  pr ices ,  the  lower-pr iced ,  regulated ,
gas is withdrawn from the market and the average price is pushed
even higher. Long- term, t a k e - o r - p a y  c o n t r a c t s  a s s u r e  t h a t  t h i s
h i g h - p r i c e d  g a s  c o n t i n u e s  t o  b e  d e l i v e r e d ;  i t s  p r i c e  i s  n o t
lowered due to decreased demand.

The gas market is  necessarily composed of  long-term .commitments:
pipeline investments, stationary customers with large boilers and
plants and, i n  t h e  c a s e  o f  LNG, r e f r i g e r a t i o n  p l a n t s ,  c r y o g e n i c
shipping  terminals , a n d  s p e c i a l i z e d  s h i p s . A l l  t h e s e  c a p i t a l
i n v e s t m e n t s  n e e d  l o n g - t e r m ,  s t a b l e  r e t u r n s , The  gas  market

.therefore cannot respond rapidly to a drop in demand. S imi la r ly ,
,exploration and development f o r n e w  g a s require long- term
commitment of  substantial  investments. Unl ike  o i l  which can be
shipped anywhere, g as i s  e s s e n t i a l l y  t i e d  t o  t h e  p i p e l i n e  s y s t e m
and ex ist ing  contracts ; i ts  markets  are  in f lex ib le .

The price to customers i s  i n c r e a s e d  b y  t a k e - o r - p a y  c o n t r a c t s  a s
descr ibed  above , b u t  a l s o  f u r t h e r  b y  i n f l a t i o n ,  h i g h e r  i n t e r e s t
r a t e s , and f ixed c o s t s spread over the smaller quantity
purchased.

Al though t h i s e x p l a n a t i o n  o f today’ s s i t u a t i o n  i s f a i r l y
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- I n d e f i n i t e  p r i c e  e s c a l a t o r s  l i m i t e d  b y  “ g a s  c a p ” .

0 Free- to negot iate  new contracts  with  incent ives  to
do  so  at  low pr ices .

- All  new and renegotiated contracts deregulated.

-.Sither party  may market -out  on  any  contract  not  negot iated
b y  l/1/85.

0 Eliminate  d is incent ives  for  use  o f  low cost  gas .

- Increase  compet i t ion  through contract  carr iage  at  incent ive
r a t e s .

- Take-or-pay contracts may be reduced to 70% by purchaser.

- Eliminate Fuel Use Act and incremental pricing.

There are other s p e c i a l prov is ions proposed, such a s :
c o n t r a c t s  t h a t  h a v e  n o t  b e e n  r e n e g o t i a t e d  m a y  b e  c a n c e l l e d  b y
e i t h e r  p a r t y ; contro ls  cannot  be  re imposed  by  the  Pres ident  or
Congress; FERC c a n  r e q u i r e  a  p i p e l i n e  w i t h  a v a i l a b l e  c a p a c i t y  t o
carry gas under contract between a producer and a purchaser at an
i n c e n t i v e  r a t e ; n o  p i p e l i n e  c a n  t a k e  g a s  a t  a  h i g h e r  r a t e  t h a n
its  rate  for  any  less  expensive  gas ; a  c e i l i n g  i s  p l a c e d  o n  d e e p
gas, which is currently deregulated.

Nolan Ezra Clark and Glenn Willett Cl - Contract Carriage

As reported by The Wall Street Journal of May 4, 1983, “The Clark
brothers are W a s h i n g t o n ,  D.C. lawyers and authors of a
forthcoming po l i cy  s tudy  on  natural  gas . ” I n  t h a t  i s s u e  o f  t h e
J o u r n a l  a p p e a r s  t h e i r  e d i t o r i a l ,
l%s.”

“The Way to Deregulate Natural

From a philosophical view, i t  i s  wel l  worthwhi le  cons ider ing  the
opening  s tatement  o f  the  Clarks, “Draf ters  o f  the  Department  o f
E n e r g y ’ s  n a t u r a l - g a s  ‘ d e c o n t r o l ’  b i l l  s h o u l d  b e  r e m i n d e d  o f
George  Washington ’s  counse l :  ‘ I f ,  to  p lease  the  people ,  we  o f fer
what  we  ourse lves  d isapprove , how can we  a f terward  defend our
work? Let us raise a standard to which the wise and honest can
r e p a i r . . . ‘ ” Some may fee l  that  Washington ’s  s tatement  i s  not
appropr iate  to  the  DOE’s  proposed  natural  gas  leg is lat ion . But
few wi l l  say  that  i t  does  not  apply  wel l  to  the  Natural  Gas  Act
o f  1938, t h e  P h i l l i p s  D e c i s i o n  o f  1954, t h e  NGPA o f  1978, a n d  t h e
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T h e  Clarks o f f e r some philosophy of  their own which is  also
i n c i s i v e : “An economy is to some degree impoverished if any price
i s  m a i n t a i n e d , b y  c a r t e l  o r  c o m m i s s i o n ,  a t  a  l e v e l  h i g h e r  o r
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lower than that e s t a b l i s h e d  b y competitive marginal c o s t
p r i c i n g . ”

They continue, “The  extreme ease  o f  entry  into  the  product ion  o f
natural gas ensures that producers can never pose an impediment
t o  t h e  m a r g i n a l - c o s t  p r i c i n g . On this score the Supreme Court ’s
1954 P h i l l i p s  d e c i s i o n  w a s  w r o n g . H i g h  f i x e d  c o s t s  o f  p i p e l i n e
construct ion and government-imposed b a r r i e r s  t o  m o v e m e n t  o f
natural  gas  could ,  however ,  pose  just such  an  impediment . The
p r i n c i p a l  s o l u t i o n  i s  t o  p r o v i d e  o p e n  a c c e s s  t o  n a t u r a l  g a s
t r a n s p o r t a t i o n  f a c i l i t i e s - - t o  m a n d a t e  c o n t r a c t  c a r r i a g e . The
concept  o f  contract  carr iage  i s  s imple . Natural gas transporters
c o u l d  b e  r e q u i r e d  t o  c a r r y  g a s  f o r  o t h e r s  o n  a  s p a c e - a v a i l a b l e
b a s i s . ”

” .  ..(DOE) proposes  to  require  contract  carr iage  sub ject ,  however
t o  p r i o r  f e d e r a l  a p p r o v a l . This  would  inhib i t  the  entry  o f  new
natural gas merchants. I f  new merchants  aren ’ t  encouraged ,  we
doubt that a truly competitive market system for natural gas will
emerge.”

“Another DOE ’ consumer protectiqn’ measure i s  t o  g i v e  f e d e r a l
agency  increased  power  to  regulate  pr ices  charged  by  p ipe l ines .
T h i s  i s  a  s t e p  b a c k w a r d . F a i l u r e  t o  a c h i e v e  c o m p r e h e n s i v e
d e r e g u l a t i o n  w i l l p e r p e t u a t e  a c o n s t a n t  p r e s s u r e  t o thrust
regulat ion back ~upstream t o  t h e  wellhead l e v e l . T h e  P h i l l i p s
decision can be made to l ive again.”

“ I n  a d d i t i o n , r e t a i n i n g  some wellhead p r i c e regulat ion for  two
y e a r s , a s  p r o p o s e d , ‘ p e r p e t u a t e s  t h e  v i c e  o f  p r i c e  a v e r a g i n g .
T h i s  f o r e c l o s e s  t h e  d i s c o v e r y  a n d  u s e  o f  a  m a r k e t - c l e a r i n g
wellhead p r i c e . Since p r i c e s f o r some categories--‘old’
gas- -would b e  h e l d  a r t i f i c i a l l y  l o w , p r i c e s  o f  o t h e r  c a t e g o r i e s
w o u l d  b e  a r t i f i c i a l l y  h i g h . T h i s  c a t e g o r i z a t i o n  o f  g a s  a s  ‘ o l d , ’
‘new, ’ ‘ d e e p , ’ or  any  other  permutat ion  thereof  i s  arb i trary  and
e c o n o m i c a l l y  f a l l a c i o u s . N a t u r a l  g a s  i s  a  f-ible cornmod=
Transmon c o s t s  aside,31 g a s  shoulmmand t h e  saDrice
nroducemmphasis a- t h e  most c o m p e t i t i v e
markets, such  as  those  for  corn  and wheat ,  that  i s  the  resul t . ”

“The DOE plan contemplates that producers and pipelines seeking
to  renegot iate  contracts  must  arr ive  at  f ixed  pr ices ,  rather  than
u s e  f l e x - p r i c e  c o n t r a c t s . This prevents the price changes needed
to adjust supply to demand.”

” .  ..The b e n e f i c i a r i e s  o f  a postponed t r a n s i t i o n  t o  a f ree
market ,...will b e  t w o  c l a s s e s  o f  b u s i n e s s e s  t h a t  h a v e  r e a p e d
extraordinary  pro f i ts  in  the  past  f rom government  regulat ion  o f
natural  gas : ( a )  p i p e l i n e s  w i t h  l a r g e  ‘ o l d ’  g a s  c u s h i o n s - - w h i c h
a r e  priviledged t o  b u y  f o r  l e s s - - a n d  (b) p r o d u c e r s  o f  ‘ n e w , ’
‘ d e e p , ’  o r  ‘ f o r e i g n ’ g a s - - w h i c h  a r e  p r i v i l e g e d  t o  s e l l  f o r  m o r e .  ’
I n  b o t h  c a s e s t h e  b e n e f i c i a r i e s  a r e  s i m p l y  e x p l o i t i n g  a
h i s t o r i c ,  governient-created, n o n - m a r k e t - c l e a r i n g  p r i c e . ”
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I
. . . Capacity, s t o r a g e ,  p r i o r i t y  a n d  t i m i n g  o f  s e r v i c e  t o  h u n d r e d s

o f d i s t r i b u t i o n p o i n t s  o n each p i p e l i n e system, and other
transportation-related decisions cannot be made in Washington.. .”

“Mandatory carriage is  supposed to be equitable because system and
mandatory transportation customers would get the same treatment. .  .
Mandatory  carr iage  i s  supposed  to  increase  industr ia l  demand,  f i l l
t h e  p i p e l i n e  s y s t e m , a n d  r e d u c e  o v e r a l l  r a t e s  b y  s p r e a d i n g  f i x e d
c o s t s .  ..Mandatory carr iage  would  be  a  reversal  o f  the  trend toward
d e r e g u l a t i o n  o f other industries...The voluntary programs
encouraged  by  the  FERC are  just  now becoming  e f fect ive . Interstate
p i p e l i n e s a l r e a d y  t r a n s p o r t la rge a m o u n t s  o f n a t u r a l  g a s  f o r
independent shippers under voluntary contract carr iage
arrangements. . . ”

“ T h e  n a t i o n ’ s  n a t u r a l  g a s  c o n s u m e r s  n e e d  a n d  d e s e r v e  l e g i s l a t i v e
r e l i e f  t h i s  w i n t e r  t h a t  i s  n o w  b l o c k e d  b y  l a c k  o f  c o n s e n s u s  o n  t h e
i s s u e s  o f  o l d  g a s  a n d  m a n d a t o r y  c a r r i a g e . It is time for the
C o n g r e s s  t o  m o v e  b o l d l y  a n d  t a k e  a d v a n t a g e  o f  t h e  o p p o r t u n i t y  t o
c r e a t e  a  n e w  e n e r g y  e r a  b y  m a k i n g  i t  p o s s i b l e  f o r  n a t u r a l  g a s  t o
make a larger contribution to a revitalized national economy.”

R i c h a r d  J. Gonazles

B a s e d  o n a  p r e s e n t a t i o n  m a d e t o  P r o d u c e r s  & Investors , Inc .
seminar, “Strategy  for  Natural  Gas  Deregulat ion , ”  in  Houston ,  Feb . .
26, 1983, a  f o u r - p a g e  e d i t o r i a l  b y  C o n s u l t i n g  E c o n o m i s t  R i c h a r d  J.
Gonzales of Houston, “Natural Gas Policy Act Modification can Bring
C o r r e c t  M a r k e t  P r i c e s , ” w a s  p r i n t e d  i n  T h e  O i l  a n d  G a s  J o u r n a l ,
A p r i l  5, 1983.

Gonzales p o i n t s out some enormous c o s t s i m p o s e d  b y f e d e r a l
g o v e r n m e n t  c o n t r o l  o f  n a t u r a l  g a s  p r i c e s  a n d  u s a g e : I n  1981 t h e
U . S .  w o u l d  h a v e  u s e d  750 m i l l i o n  t o n s  m o r e  o f  c o a l  a n d  o f f s e t  1.4
b i l l i o n  b a r r e l s  o f  o i l  a n d  10 Tcf o f  n a t u r a l  g a s ;  t h e  s a v i n g s  t o
c u s t o m e r s  w o u l d  h a v e  b e e n  a b o u t  $60 b i l l i o n . C r u d e  o i l  p r i c e s
w o u l d  b e  f a r  b e l o w  t h a t  s e t  b y  O P E C ; t h e  t o t a l  s a v i n g s  t o  U . S .
energy consumers would have been, ” . . . i n  e x c e s s .  o f  $100 b i l l i o n  a
y e a r  c u r r e n t l y . ”

H e  d i s c u s s e s  t h e  N a t u r a l  G a s  A c t , t h e  P h i l l i p s  D e c i s i o n  a n d  t h e
consequences o f  l o w  g a s  p r i c e s . Although President Eisenhower
appointed an Advisory Cabinet Committee o n  E n e r g y  i n  J u l y  1954,
which recommended that the government should not regulate the price
o f  n a t u r a l  g a s  p r i o r  t o  i t s  e n t r y  i n t o  a n  i n t e r s t a t e  p i p e l i n e  ( a l s o
t h a t  o i l  i m p o r t s  b e  l i m i t e d  a n d  t h a t  c o a l  u s e  b e  e x p l o i t e d ) ,  n o n e
o f  t h e  c o m m i t t e e ’ s  r e c o m m e n d a t i o n s  w e r e  e f f e c t i v e l y  i m p l e m e n t e d ,
I n  s o m e  m a r k e t s  g a s  w a s  c h e a p e r  t h a n  c o a l ,  d e s p i t e  i t s  i n h e r e n t
advantages.

“ T h e  t r i p l i n g  o f  f o r e i g n  o i l  p r i c e s  t o  m o r e  t h a n  $lO/bbl i n  1974
s h o u l d  h a v e  b r o u g h t  a b o u t  a n immediate c h a n g e  i n  U . S . energy
pol i c ies  to  encourage  more  rapid  deve lopment  o f  abundant  domest ic
energy  resources ,  inc luding  coa l . Instead,  U.S .  o i l  and gas
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p r i c e s  w e r e  k e p t  u n d e r  c o n t r o l s  a t  l e v e l s  f a r  b e l o w  t h e  c o s t  o f
f o r e i g n  s u p p l i e s . ” OPEC concluded we considered the price of oil
cheap,  and ra ised  the ir  pr ices .

“The need for changes in U.S. energy policies had become obvious
by  1977. The correct and simple solution would have been removal.
of p r i c e  c o n t r o l s  o n  c r u d e  o i l  a n d  n a t u r a l  g a s . S u c h  a c t i o n
w o u l d  h a v e  s t a r t e d  a  s h a r p  s u r g e  i n  d r i l l i n g  t h a t  w o u l d  h a v e
reduced the doubling of  prices by OPEC in 1979.” Instead, when
President Carter p r o p o s e d  a synthet ic f u e l program, .“. .  .
subs id ized  unt i l  pr ices  reached S28/bbl, OPEC conc luded that  i t
c o u l d  s a f e l y  r a i s e  p r i c e s  t o  o r  a b o v e  t h a t  l e v e l ,  a s  i t  w o u l d
take  years  to  complete  synthet ic  fue l  p lants . ”

When these higher.  prices caused a sharp increase of  oi l  company
p r o f i t s , Congress imposed the “Windfal l  Prof i ts  Tax”  on  domest ic
c r u d e  o i l . “This is  not a tax on profits but on the gross margin
between se l l ing  pr ices  and arbi trary  lower  leve ls  set  without  any
e c o n o m i c  j u s t i f i c a t i o n . Congress was unwilling to tax imports on
the assumption that such action would be costly to consumers.  It
d i d  n o t  h e s i t a t e  t o  l e v y  t a x e s  o n  d o m e s t i c  p r o d u c t i o n ,  w h i c h
a d d e d  t o  a l l  o t h e r  t a x e s  a n  a d d i t i o n a l  20 c e n t s / g a l  o f  c r u d e  o i l
produced by major oil companies in 1981.”

O n  t h e  NGPA o f  1978, G o n z a l e z  c o m m e n t s ,  ‘This a c t  c o m p l i c a t e d
r e g u l a t i o n  b y  c r e a t i n g  more t h a n  20 d i f f e r e n t  c a t e g o r i e s  o f  g a s
with  varying  pr ices  and by  mandat ing  act ions  as  to  gas  use  and
a l l o c a t i o n  o f  i n c r e a s e s  i n  p r i c e s c o n t r a r y  t o  t h e  w o r k i n g  o f  a
c o m p e t i t i v e  m a r k e t . C o n g r e s s  a s s u m e d  erroniously t h a t  s u c h
a c t i o n  w o u l d  p r o t e c t  consume,rs,  e s p e c i a l l y  t h o s e u s i n g  g a s  f o r
home heat ing . ” H e  e s p e c i a l l y  d e p l o r e s  e x t e n s i o n  o f  f e d e r a l
regulat ion  to  the  intrastate  market .

“Congress recognized in NGPA that prices set by regulation should
be  just  and reasonable  but  v io lated  that  pr inc ip le  by  spec i fy ing
d i f f e r e n t  p r i c e s  f o r  d i f f e r e n t  c a t e g o r i e s  o f  p r o d u c e r s . .  .Congress
m a d e  a  m i s t a k e  i n  s e t t i n g  a r b i t r a r y  p r i c e  l e v e l s  i n  NGPA f o r
d i f f e r e n t  c a t e g o r i e s  - o f  g a s . It  should have removed controls in
1979 t o  a l l o w  t h e  m a r k e t  t o  e s t a b l i s h  f a i r  v a l u e  f o r  g a s  i n
r e l a t i o n  t o  c o a l ,  h e a t i n g  o i l ,  a n d  e l e c t r i c i t y . ” If Congress was
a t t e m p t i n g  t o  p r o t e c t  c o n s u m e r s  f r o m  a  p r i c e shock, i t  s h o u l d
have devised a trahsitior! schedule which ~oulc! r_ot have ??roduced a
later  shock . sut t h e  t:GPA a s s u r e d  a  firr, ;15/bbl f o r  t h e p r i c e
o f  o i l , which more than doubled shortly thereafter.

T w o  m a j o r  d e f e c t s  o f  NGPA a r e  t h a t  i t  c o n t i n u e s  r e g u l a t i o n  o f  a
l a r g e  volume o f  o l d  g a s  ( a b o u t  40% 1J.S. r e s e r v e s - E d . )  b e y o n d
1985, w h i l e  i t  r e m o v e s  p r i c e  c o n t r o l s from new gas mostly from
v e r y  d e e p  w e l l s . Competition f o r the l imited s u p p l y  o f
unregulated  gas ,  ” .  .  .caused b i d s  f o r  t h e  l i m i t e d  s u p p l y  o f  d e e p
g a s  t o  e x c e e d  $9/Mcf, s o m e  t h r e e  t o  s i x  t i m e s  t h e  l e v e l  o f
regulated  pr ices a n d  a l m o s t  t w i c e  p r i c e s  p a i d  f o r  g a s  i m p o r t e d
from Canada and Mexico.”
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“ F a i l u r e  t o  e n c o u r a g e  d e v e l o p m e n t  o f  a l l  n e w  g a s  h a s  l i m i t e d
o u t l o o k  f o r  n e w  s u p p l i e s  s o  s e r i o u s l y  t h a t  c o n s i d e r a t i o n  i s  b e i n g
g i v e n  t o  m o v e m e n t  o f  g a s  f r o m  t h e  N o r t h  S l o p e  o f  A l a s k a  t o  t h e
l o w e r  48 s t a t e s . T h e  a n t i c i p a t e d  c o s t  o f  t h i s  g a s  d e l i v e r e d  t o  t h e
C a n a d i a n  b o r d e r  w i l l  e x c e e d  $15/Mcf .” B y  b a r g a i n i n g  p r o c e s s e s ,
I .  ..about $5/Mcf w o u l d  b e  r e a s o n a b l e  f o r  U . S .  n a t u r a l  g a s .  A n
i n c r e a s e  t o  t h a t  l e v e l  w o u l d  b r i n g  a b o u t  a  s h a r p  r i s e  i n  d r i l l i n g
o f  g a s  w e l l s  a n d  i n t h e  d e v e l o p m e n t  o f  n e w  g a s  s u p p l i e s . The
i n f l u e n c e  o f  h i g h e r  p r i c e s  o n  s u p p l i e s  a n d  o n  c o n s e r v a t i o n  s h o u l d
w o r k  t o  l i m i t  f u r t h e r  p r i c e i n c r e a s e s  f o r  b o t h  n a t u r a l  g a s  a n d
c r u d e  o i l . ”

G o n z a l e s  d i s c u s s e s  h o w  g a s  p r i c e s s h o u l d  r e l a t e  t o  t h e  p r i c e  o f
c o a l , c o n s i d e r i n g  t h e  t r a n s p o r t a t i o n ,  h a n d l i n g , environmental and
o t h e r  c o s t s  o f  u s i n g  c o a l . He concludes that, ” . . .  the reasonable
c o m p e t i t i v e  v a l u e  o f  n a t u r a l  g a s  i s  h i g h e r  t h a n  t h e  r e g u l a t e d  g a s
pr ices  set  by  NGPA but  less  than pr ices  be ing  paid  for  deep  gas . ”

“ C o n t i n u a t i o n  o f  p r e s e n t  u n d e r p r i c i n g  o f  n a t u r a l  g a s  i s  n o t  i n  t h e
publ i c  interest  because  i t  g ives  incorrect  s ignals  to  consumers  and
producers, delaying the s h i f t t o  m u c h greater use of c o a l .
Consumers  wi l l  be  served  best  by  prompt  act ion  to  ra ise  gas  pr ices
to their market value on or before 1985.”

H e  p o i n t s  o u t  h o w  a  w i n d f a l l  p r o f i t s  t a x  p r o p o s e d  f o r  n a t u r a l  g a s
i s a  f a l l a c y . W e  s h o u l d  h a v e  l e a r n e d  f r o m  b o t h  o u r  t a x  a n d
p r o d u c t i o n  l e s s o n s  i n  r e g u l a t i n g  o i l . Gas  development  i s  great ly
lagging  o i l  development  (even with  the  WPT on  o i l  - Ed. ) .

I .  ..the U.S.  has experiencecd  enormous unnecessary costs because of
p o l i c i e s  t h a t  k e p t  p r i c e s  o f  n a t u r a l  g a s  a n d  o i l  b e l o w  t h e i r  f a i r
m a r k e t  v a l u e  r e l a t i v e  t o  c o a l . D e l a y  i n  c o r r e c t i n g  t h e s e  p o l i c i e s
increases l o n g - r u n  c o s t s  t o  c o n s u m e r s  a n d  h u r t s  t h e  n a t i o n a l
economy.. . The choice remains whether to deregulate gas now or to
p h a s e  c o n t r o l  f o r  c o m p l e t e  d e r e g u l a t i o n  b y  1985. E i t h e r  i s  b e t t e r
than allowing the NGPA to remain in effect without change.”

“It i s  h a r m f u l  t o  f o c u s  a t t e n t i o n  o n  t h e  v a r i o u s  o b j e c t i o n s  t o
c o r r e c t  t h e  m i s t a k e s  t h a t  h a v e  b e e n  m a d e  i n  e n e r g y  p o l i c i e s .
E x p e r i e n c e  w i t h  d e c o n t r o l  o f  c r u d e  o i l  p r i c e s  i n d i c a t e s  t h a t  s u c h
a c t i o n  i s  f e a s i b l e  a n d  m a y  h e l p  l i m i t  o r  e v e n  r e d u c e  t h e  p r i c e  o f
f o r e i g n  a n d  d o m e s t i c  s u p p l i e s . The time has come to work on
achiev ing  the  consensus  necessary  to  modi fy  the  Natural  Gas  Pol i cy
Act  in  the  near  future  to  make  sure  that  gas  pr ices  move  to  the ir
correct  leve l  on  or  be fore  January  1985.”

U.S. Natural Gas Resources

This author attaches l i t t l e s i g n i f i c a n c e and invests l i t t l e
conf idence  in  est imates  o f  the  U.S .  natural  gas  reserve ,  d iscovered
and undiscovered. S i n c e  o i l  p r i c e  d e r e g u l a t i o n ,  w e  h a v e  a l r e a d y
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o p t i m i s t i c e s t i m a t e s  o f  d o m e s t i c  g a s  r e s o u r c e s  b y  t h e  U . S .
Geological Survey (USGS) a n d  t h e  i n d u s t r y - b a s e d  P o t e n t i a l  G a s
Committee (PGC) .”

“What  does  th is  apparent  change  in  the  out look  for  U.S .  natural
gas  supply  mean? C a n  w e  n o w  c o u n t  o n  n a t u r a l  g a s  t o  p l a y  a
m a j o r ,  p e r h a p s  e v e n  e x p a n d e d  r o l e  i n  s a t i s f y i n g  U . S .  e n e r g y
r e q u i r e m e n t s , o r  i s  t h e  s e e m i n g  t u r n a b o u t  o n l y  a temporary
respi te  f rom a  cont inuing  dec l ine  in  gas  reserve  leve ls  and,  soon
t o  f o l l o w , a  d e c l i n e  i n  g a s  p r o d u c t i o n  c a p a b i l i t i e s ? ”

“Certa in  technical u n c e r t a i n t i e s - - primarily those associated with
incomplete  geo log ica l  understanding , a l t e r n a t i v e  i n t e r p r e t a t i o n s
o f  p a s t  d i s c o v e r y  t r e n d s , a n d  d i f f i c u l t i e s  i n  p r o j e c t i n g  l i k e l y
p a t t e r n s  o f  f u t u r e  g a s  d i s c o v e r i e s - - are s o  s u b s t a n t i a l  t h a t  JJJ
t h e m s e l v e s  t h e y  p r e v e n t  a  r e l i a b l e  e s t i m a t i o n  o f  t h e  r e m a i n i n g
r e c o v e r a b l e  g a s  r e s o u r c e  a n d  t h e  l i k e l y  y e a r  2000 p r o d u c t i o n
r a t e . E v e n  a f t e r  i g n o r i n g  t h e  p o t e n t i a l  f o r  s i g n i f i c a n t  c h a n g e s
in  gas  pr ices  and technology  in  the  future ,  OTA could  not  narrow
its  range  o f  es t imates  o f  resources  and future  product ion  beyond
a factor  o f  2  f rom the  lowest  to  the  h ighest  est imate . Inc lus ion
of  uncerta int ies  assoc iated  with  changing  gas  pr ices  and market
d e m a n d  a n d  t h e  c o n t i n u i n g  e v o l u t i o n  o f  g a s  e x p l o r a t i o n  a n d
production technology would u n d o u b t e d l y  w i d e n  t h e  r a n g e  s t i l l
f u r t h e r . ”

“OTA f inds  no  convinc ing  bas is  for  the  common argument  that  the
a r e a  o f  t h e  L o w e r  48 S t a t e s  i s  s o  w e l l  k n o w n  t h a t  t h e r e  i s  a
substantial  consensus on the magnitude of  the gas resource base.”
T h e r e  a r e  s e v e r a l  s u b s t a n t i v e  i s s u e s  t h a t  r e m a i n  u n r e s o l v e d  i n
e s t i m a t i n g  t h e  p r e s e n t  g a s  r e s o u r c e  b a s e :  u s e  o f  p a s t  d i s c o v e r y
trends , t h e  p o t e n t i a l  o f  s m a l l  f i e l d s , n e w  g a s  f r o m  o l d  f i e l d s ,
f ront ier  areas  inc luding  deep  gas , and strat igraphic  gas  traps .

“ I n  a d d i t i o n  t o  t h e s e  f i v e  i s s u e s , a  l e v e l  o f  u n c e r t a i n t y  i s  e v e r
p r e s e n t  i n  t h e  p r o c e s s  o f  e s t i m a t i n g  t h e  q u a n t i t y  o f  a  r e s o u r c e
that  cannot  be  measured  d irect ly  pr ior  to  i ts  actual  product ion . ”

Then OTA notes  uncerta int ies  in  interpretat ion  and extrapolat ion
o f past d iscovery trends : i n a d e q u a t e  d i s c o v e r y  i n d i c a t o r s ,
uncertainty about the future g r o w t h  o f new f i e l d s , and
d i f f i c u l t i e s  i n interpret ing the recent s u r g e  i n reserve
a d d i t i o n s .

L a s t l y , OTA d iscusses  the  uncerta inty  o f  product ion  f rom proved
r e s e r v e s - - t h e  R / P  r a t i o . T h i s  a u t h o r  s e e s  a  p a r a l l e l  t o  t h e
E/GNP rat io  in  var ious  nat ional  economies ,  includi‘ng that  o f  the
U.S . , as well  as in the more recent revision in the MIR, minimum
industr ia l  reserve  o f  o i l  needed to  maintain  re f in ing  operat ions .
E/GNPs h a v e  b e e n  d r a s t i c a l l y  re-evaluated, w h i l e  t h e  p r e v i o u s l y
invi.olable MIR i s  c u r r e n t l y  b e i n g  re-established b y  t h e  N a t i o n a l
Petroleum Council.

I n  t h e  p a s t , f o r e c a s t s  w e r e  c o n f i d e n t l y  b a s e d  o n  t h e s e  r a t i o s ,
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which were presumed to hold constant. Now we have changed some of
t h e s e  b e d r o c k  i n d e x e s ,  a r e  r e v i s i n g  o t h e r s ,  a n d  appropriiately a r e
challenging many of the remaining. The R/P ratio deserves thorough
re-evaluation but how can we establish a new R/P until  we have the
e f f e c t s  o f  n e w  g a s  p r i c i n g  p o l i c i e s , o r  a t  l e a s t  h a v e  s o m e  i d e a  o f
what  those  po l i c ies  wi l l  be?

N o t i n g  t h e s e  q u a l i f i e r s , OTA c o n c l u d e s  t h a t  i n  y e a r  2000 U . S .
r e s o u r c e s  m a y  l i e  b e t w e e n  400 a n d  900 Tcf, a n d  t h a t  p r o d u c t i o n
c o u l d  r u n  b e t w e e n  9  Tcf/yr a n d  19 Tcf/yr ( U . S .  p r o d u c t i o n  i n  1982
was 20 Tcf-Ed.).

Potential Gas Committee

I n  i t s  M a r c h  7, 1983 i s s u e , The Oi l  and Gas  Journal  inc ludes  two
art i c les  which  d iscuss  U.S .  potent ia l  gas  resources ,  and the  supply
o u t l o o k  i n  1990.

T h e  f i r s t  a r t i c l e ,  “ E s t i m a t e  o f  U . S .  P o t e n t i a l  G a s  R e s o u r c e s  Cut,”
reports  on  the  latest  est imate  f rom the  Potent ia l  Gas  Agency  (PGA)
a t  t h e  C o l o r a d o  S c h o o l  o f  M i n e s , w h i c h  s t a f f s  t h e  a g e n c y ’ s  143
member Potential Gas Committee (PGC). The PGC estimates that about
876 t r i l l i o n  c u b i c  f e e t  o f  g a s  r e m a i n s  t o  b e  d i s c o v e r e d  o n s h o r e  a n d
offshore both in the Lower 48 and in Alaska.

A l t h o u g h  i t  m a y  b e  m i s l e a d i n g  t o  c o n s i d e r  r e s e r v e s  i n  t e r m s  o f
y e a r s ,  a t  t o d a y ’ s  a n n u a l  c o n s u m p t i o n  r a t e , the PGC Estimate would
supply  the  U.S . w i t h  g a s  f o r  o v e r  40 y e a r s . (This  author  would
h o p e  t h a t  o u r  c o n s u m p t i o n  r a t e  w i l l  b e  a b l e  t o  i n c r e a s e  f r o m  20
Tcf/yr t o  30 Tcf/yr a n d  t h a t , by  the  same market  s t imulat ion ,  our
u n d i s c o v e r e d  r e s e r v e s  w i l l  b e  f o u n d  t o  b e  s t i l l  l a r g e r . From this
u n b r i d l e d  o p t i m i s t , a  n a t u r a l  g a s  f u t u r e  o f  50 y e a r s  o r  m o r e  i s
envis ioned  at  product ion  rates  150-200% that  o f  1983).

The  PGA report  notes  that  i t s  est imate  has  decreased  by  37 Tcf f rom
year  end -1981, w h i c h  i s  a b o u t  e q u a l  t o  t h e  U . S .  p r o v e d  r e s e r v e s
during the past two y e a r s .  J.C. Herrington, the committee
chairman, is  quoted , “This means there has been no signif icant new
i n f o r m a t i o n  d e v e l o p e d  d u r i n g  t h e  p a s t  2  y e a r s t h a t  w o u l d  h a v e
caused  the  committee  to  a l ter  substant ia l ly  i t s  prev ious  concept  o f
t h e  p o t e n t i a l  s u p p l y . R e s u l t s  o f  e x p l o r a t i o n  a n d  d r i l l i n g  d u r i n g
t h e  p a s t  t w o  y e a r s  h a v e  r e i n f o r c e d  t h e  c o m m i t t e e ’ s  p o s i t i o n  t h a t
m o r e  t h a n  h a l f  o f  t h e  r e s o u r c e  o r i g i n a l l y  .existing i n  t h i s  c o u n t r y
remains to be found and more that 60% remains to be produced.”

T h e  s e c o n d  a r t i c l e ,  “ U . S . F a c i n g  N a t u r a l  G a s  S h o r t f a l l  i n  1990’s,”
comments, “The U.S. f a c e s  a  s h o r t f a l l  o f  n a t u r a l  g a s  b y  t h e  e a r l y
1990s.”

“ T h a t ’ s  b e c a u s e  i t  l a c k s  s o u n d  p o l i c i e s  t o  d e a l  w i t h  c u r r e n t  g a s
market problems, thus  derai l ing  the  gas  industry ’ s  p lans  to  develop
the  required  new suppl ies , ” t h e  a r t i c l e  q u o t e s  f r o m  L l o y d  Levitan,
senior v i c e  p r e s i d e n t  o f  P a c i f i c  L i g h t i n g  C o r p .  H e  c o m m e n t s
further  that  adequate  act ion  would  not  only  e l iminate  the  r isk  o f  a
gas  shortage , i t  would  a lso  lessen  damage  f rom another  o i l  supply
d i s r u p t i o n .
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a t  t h e  C o l o r a d o  S c h o o l  o f  M i n e s , w h i c h  s t a f f s  t h e  a g e n c y ’ s  143
member Potential Gas Committee (PGC). The PGC estimates that about
876 t r i l l i o n  c u b i c  f e e t  o f  g a s  r e m a i n s  t o  b e  d i s c o v e r e d  o n s h o r e  a n d
offshore both in the Lower 48 and in Alaska.

A l t h o u g h  i t  m a y  b e  m i s l e a d i n g  t o  c o n s i d e r  r e s e r v e s  i n  t e r m s  o f
y e a r s ,  a t  t o d a y ’ s  a n n u a l  c o n s u m p t i o n  r a t e , the PGC Estimate would
supply  the  U.S . w i t h  g a s  f o r  o v e r  40 y e a r s . (This  author  would
h o p e  t h a t  o u r  c o n s u m p t i o n  r a t e  w i l l  b e  a b l e  t o  i n c r e a s e  f r o m  20
Tcf/yr t o  30 Tcf/yr a n d  t h a t , by  the  same market  s t imulat ion ,  our
u n d i s c o v e r e d  r e s e r v e s  w i l l  b e  f o u n d  t o  b e  s t i l l  l a r g e r . From this
u n b r i d l e d  o p t i m i s t , a  n a t u r a l  g a s  f u t u r e  o f  50 y e a r s  o r  m o r e  i s
envis ioned  at  product ion  rates  150-200% that  o f  1983).

The  PGA report  notes  that  i t s  est imate  has  decreased  by  37 Tcf f rom
year  end -1981, w h i c h  i s  a b o u t  e q u a l  t o  t h e  U . S .  p r o v e d  r e s e r v e s
during the past two y e a r s .  J.C. Herrington, the committee
chairman, is  quoted , “This means there has been no signif icant new
i n f o r m a t i o n  d e v e l o p e d  d u r i n g  t h e  p a s t  2  y e a r s t h a t  w o u l d  h a v e
caused  the  committee  to  a l ter  substant ia l ly  i t s  prev ious  concept  o f
t h e  p o t e n t i a l  s u p p l y . R e s u l t s  o f  e x p l o r a t i o n  a n d  d r i l l i n g  d u r i n g
t h e  p a s t  t w o  y e a r s  h a v e  r e i n f o r c e d  t h e  c o m m i t t e e ’ s  p o s i t i o n  t h a t
m o r e  t h a n  h a l f  o f  t h e  r e s o u r c e  o r i g i n a l l y  .existing i n  t h i s  c o u n t r y
remains to be found and more that 60% remains to be produced.”

T h e  s e c o n d  a r t i c l e ,  “ U . S . F a c i n g  N a t u r a l  G a s  S h o r t f a l l  i n  1990’s,”
comments, “The U.S. f a c e s  a  s h o r t f a l l  o f  n a t u r a l  g a s  b y  t h e  e a r l y
1990s.”

“That’s b e c a u s e  i t  l a c k s  s o u n d  p o l i c i e s  t o  d e a l  w i t h  c u r r e n t  g a s
market problems, thus  derai l ing  the  gas  industry ’ s  p lans  to  develop
the  required  new suppl ies , ” t h e  a r t i c l e  q u o t e s  f r o m  L l o y d  Levitan,
senior v i c e  p r e s i d e n t  o f  P a c i f i c  L i g h t i n g  C o r p .  H e  c o m m e n t s
further  that  adequate  act ion  would  not  only  e l iminate  the  r isk  o f  a
gas  shortage , i t  would  a lso  lessen  damage  f rom another  o i l  supply
d i s r u p t i o n .
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Alternative Fuels and Energy Sources_1__--

Automotive Fuels

In  1982, U.S . transportation consumed almost exactly one-third of
the  energy  used  in  th is  country , o r  a b o u t  63% o f  i t s  p e t r o l e u m ,
whi le  av iat ion  accounted  for  about  8% o f  the  petro leum demand.
As pointed out in a v i a t i o n  i s  n o t  a  s i g n i f i c a n t  f a c t o r  i n
U.S. petroleum supply and demand. As a premium product, aviation
fuel  i s  a  fa ir ly  important  i tem for  those  re f iners  which  produce
i t . B u t  i t  d o e s  not d r i v e  t h e  p e t r o l e u m  m a r k e t  i n  a n y  s e n s e .
A v i a t i o n  f u e l  p r i c e a n d  a v a i l a b i l i t y  a r e  d e t e r m i n e d  m o r e  b y
events and developments outside aviation than within the aviation
community.

By contrast, automot ive  vehic les  are  current ly  us ing  about  3/4 o f
U.S. t r a n s p o r t a t i o n  f u e l . A v i a t i o n  f u e l  u s e r s  s h o u l d  t h e r e f o r e
l o o k  t o  t h e  a u t o m o t i v e  s e c t o r  f o r  t h e  s t r o n g e s t  i n d i c a t i o n s  o f
t h e i r  d e s t i n y . A s  w a s  s h o w n  i n  C h a p t e r  4, EIA h a s  f o r e c a s t e d
that automotive fuel  demand will  continue to decline,  driven to a
substantial  extent by continuing automobile fuel  economy. While
every individual in DOE may see i t  s o m e w h a t  d i f f e r e n t l y ,  i t  m a y
b e  s i g n i f i c a n t  t h a t  t h e  O f f i c e  o f  V e h i c l e  & E n g i n e  R & D  n o w
b e l i e v e s  t h a t  t h e  r e c e n t  t r e n d  t o w a r d  s t e a d y  i m p r o v e m e n t  i n
m i l e s / g a l  h a s  s o f t e n e d  s i g n i f i c a n t l y  i n  t h e  s e c o n d  h a l f  o f  1983.
I f  so ,  U.S .  gaso l ine  demand and petro leum consumption  may not
cont inue  to  drop  through and past  1984 as  predicted  by  EIA, and
petroleum prices may not fall  quite as far as EIA expected.

W h i l e  t h i s  i s  n o t  y e t  a  c r i t i c a l  p o i n t  a n d  t h e  t r e n d  i s  p r o b a b l y
t o o  n e w  t o  c a r r y  m a j o r  s i g n i f i c a n c e ,  i t  i s  n o t e w o r t h y . J u s t  a s
EIA's e x p e c t e d  r e v i s i o n  t o  l o w e r  n a t u r a l  g a s  p r i c e s  i n  1985 wi l l
l o w e r  t h e  f o r e c a s t  w o r l d  o i l  p r i c e ,  t h i s  n e w  v i e w  o n  h e a v i e r
autogas consumption may push the price of  crude oil  back upward.
As has been observed before, while energy forecasts may be made
f o r  f i v e , ten  or  more  years  into  the  future ,  they  se ldom remain
valid for more than a few months.

But  assuming that  the  EIA wor ld  pr ice  forecast  i s  va l id  "as  long
a s  i t s  i n k  i s  w e t " ,  g a s o l i n e  p r i c e s s h o u l d  c o n t i n u e  t o  d r o p
through 1985. Then, i f  natural  gas  i s  deregulated and i t
r e m a i n s  fairl_yconstv p r i c e  o f  m o t o r gaso
aviation fuels could stay about constant until  approximately year
2000. At any rate, before more meaningful information is  logged
to change that picture, we should expect no significant long-term
chanqe i n  a u t o m o t i v e  o r  a v i a t i o n  f u e l  p r i c e s  o r  a v a i l a b i l i t y
t h r o u g h  t h i s  c e n t u r y .
substant ia l  d isrupt ion i n  w o r l d  cr
which is discussed in Chapter 9.

N o w  t h e r e  a p p e a r  t o  b e  o n l y  t w o  c i r c u m s t a n c e s  u n d e r  w h i c h
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In  less  than two  years , the trend now seems reliably confirmed:
d iese l  cars  are  not  l ike ly  to  penetrate  a  larger  part  o f  the  auto
market, d e m a n d  f o r  d i e s e l  f u e l  w i l l  b e  d r i v e n  l a r g e l y  b y  h e a v y
t r u c k  a c t i v i t y , a n d  d i e s e l  f u e l  c o n s u m p t i o n  w i l l  g r o w  o n l y  a t
about the same rate as the GNP, which indexes the growth of heavy
t r u c k  t r a f f i c .

A  m a j o r  c o n c l u s i o n  o f  t h e  I m p a c t  r e p o r t i s  t h e r e f o r e  r e v i s e d :
E x p e c t e d  g r o w t h  o f  h i g h w a y  d i e s e l  f u e l  c o n s u m p t i o n  n o  l o n g e r- - -
appears toatufuture t h r e a t  t o  t h e  p r i c e  o r  avaim
J e t  A  f u e l .

Alternative Auto Fuels

T h e  a u t o m o t i v e  p i c t u r e  a p p a r e n t l y  h a s  r e s o l v e d  i t s e l f  f a i r l y
c l e a r l y . G a s o l i n e  i s  e x p e c t e d  t o  b e  a v a i l a b l e  a t  r e a s o n a b l e
p r i c e s  t h r o u g h  t h i s  c e n t u r y . T h e  o n l y  s i g n i f i c a n t  o p p o r t u n i t y
f o r  a l t e r n a t i v e  f u e l s  i s  f o r  t h o s e  w h i c h  c a n  p r o m i s e  s o m e
substant ia l  cost  advantage  over  gaso l ine . From the standpoint of
e a s y  f u e l  a v a i l a b i l i t y ,  s e r v i c e ,  p a r t s ,  t r a d e - i n ,  e t c . ,  t h e
present gasoline system presents a formidable standard which any
alternative must clear by a tangible margin. Are there any valid
candidates?

The  chicken-and-egg  problem confronts i n t r o d u c t i o n  o f  a n y  n e w
fuel ,  whether  in  s tat ionary  powerplants ,  t ransportat ion ,  av iat ion
o r automobiles. P e r h a p s  i n automobiles the e l e m e n t  o f
convenience  may weigh  more  heavi ly  than in  other  modes , where
economics may score higher in decision-making. T h i s  i s  o n e  o f
the problems with diesels, where a small  margin of  inconvenience
may convince  car  'buyers t h a t  s l i g h t l y  b e t t e r  e c o n o m i c s  a r e n ' t
worth  the  extra  trouble . F l e e t  o p e r a t o r s  a r e  a b l e  t o  m i n i m i z e
these inconveniences, while p r o f i t i n g from f a i r l y small
a d v a n t a g e s  i n economy. Consequently, f l e e t operators may
g r a v i t a t e  t o w a r d  d i e s e l  o r  a l t e r n a t i v e  f u e l s ,  w h e r e v e r  a  c l e a r
e c o n o m i c  b e n e f i t  i s  i n d i c a t e d . B u t  t h e  p u b l i c  m a y  n o t  f o l l o w
f l e e t  o p e r a t o r s .

In  the  recent  past , fleet operation had been viewed as the avenue
f o r  i n t r o d u c i n g a n y  p r o m i s i n g  a l t e r n a t i v e  f u e l . But  today  the
v i e w  i s  m o r e  p r a g m a t i c . W h i l e  s o m e  a u t o m o t i v e  f l e e t s  a r e
sizeable and could a f f e c t f u e l s e l e c t i o n w i t h i n  a l o c a l
community, realism has sunk in that only a very small  fraction of
U.S .  automot ive  vehic les  are  operated  in  f leets . I t  i s  conc luded
t h a t  a  n e w  f u e l  m i g h t  c a p t u r e  a l l  t h e  f l e e t  v e h i c l e s  i n  t h e
U n i t e d  S t a t e s  w i t h o u t  t u r n i n g  t h e  p r i v a t e  v e h i c l e  m a r k e t  a w a y
from gasoline.

P e r h a p s  t h i s  r e a l i z a t i o n  a r o s e  f r o m  t h e  t r e m e n d o u s  e f f e c t  o f
h e a v y  d i e s e l  t r u c k s  o n  d i e s e l  f u e l  d e m a n d ,  a n d  t h e  r e c o g n i t i o n
later that diesel  demand is sti l l  only about 15% of  highway motor
f u e l . S o  c o n v e r s i o n  o f  a l l  h e a v y  f l e e t  t r u c k s  t o  a  n e w  f u e l ,
p l u s  t a x i c a b s , p l u s  d e l i v e r y  a n d  s e r v i c e  f l e e t s ,  e t c . ,  e t c . ,
s t i l l  would  not  assure  capture  o f  the  automot ive  market  by  the
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new fuel.

N o w  i t  i s  f u l l y  ' r e c o g n i z e d  t h a t  g a s o l i n e  i s  n o t  g o i n g  t o  f a d e
away. The question is  whether  some other  fue l  has  a  chance  o f
depos ing  gaso l ine .

Methanol, Methyl Alcohol

Methanol probably stands the best chance for eventually replacing
g a s o l i n e  o n  t h e  h i g h w a y . F i r s t  a n d  f o r e m o s t ,  m e t h a n o l  i s
g e n e r a l l y  c h e a p e r  t h a n  g a s o l i n e  p e r  Btu, a l t h o u g h  i t s  p r i c e
v a r i e s  m o r e  i n  d i f f e r e n t  l o c a l i t i e s  a n d  c i r c u m s t a n c e s  t h a n  d o e s
t h a t  o f  g a s o l i n e . Methanol is a common substance today, but its
c o n s u m p t i o n  i s  v e r y  l o w ,  n o t  o n l y  i n  c o m p a r i s o n  w i t h  g a s o l i n e ,
b u t  e v e n  i n  t h e  c h e m i c a l  i n d u s t r y . O i l  i s  t h e  o v e r w h e l m i n g
chemica l  feedstock .

Perhaps the greatest potent ia l f o r methanol l i e s  i n the
t r e m e n d o u s  s u r p l u s ,  a n d  c u r r e n t  w a s t e ,  o f  n a t u r a l  g a s  i n  t h e
Middle East and other parts of  the world. As  far  as  the  U.S .  i s
concerned, i ts  large  source  o f  natural  gas  in  Alaska const i tutes
a formidable problem, a l m o s t  a l i a b i l i t y . How can t h i s
considerable asset be brought to market? The Alaska gas pipeline
p l a n  w a s  d r o p p e d  n o t  o n l y  b e c a u s e  o f  i t s  $45 b i l l i o n  e s t i m a t e d
c o n s t r u c t i o n  c o s t , but also when it  became obvious that it  would
del iver  gas  to  the  U.S . border  at  prohib i t ive  pr ices ,  t ransported
through Canadian t e r r i t o r i e s  w h i c h  a r e  t h e m s e l v e s  s u r p l u s  w i t h
natural gas.

In, "Methanol is the Best Way to Bring Alaska Gas to Market," Oil
and Gas Journal,  November 1, 1982, Professor Donald F. Othmer??
t h e  P o l y t e c h n i c  I n s t i t u t e  o f  N e w  Y o r k  d i s c u s s e s  s o m e  o f  t h e
issues .

Othmer p o i n t s  o u t that the 22% c a r b o n dioxide and l i g h t
hydrocarbons, which  must  be  removed  f rom gas  o u t  of  the  wel l  to
m a k e  i t  m a r k e t a b l e  a s  n a t u r a l  g a s , a r e  e q u a l l y  v a l u a b l e  r a w
materials for making methanol from methane. I n  f a c t , a  natural
gas  separat ion  p lant  i s  est imated  to  cost  $6 b i l l ion ,  whi le  about
a third more methanol can be produced from the raw gas than from
t h e  m e t h a n e  a l o n e . M o r e  n e t  e n e r g y  w o u l d  b e  d e l i v e r e d  a s
methanol than as clean natural gas.

A separate methanol pipeline could be built  from the North Slope
t o  Valdez, where  the  methanol  could  thence  be  shipped  by  sea .
This  p ipe l ine  would  not  require  insulat ion . Or the methanol can
be  transported  in  batches  through the  s a m e  pipel ine  as  o i l . From
Valdez, i t  c a n  b e  m o v e d  i n  s t a n d a r d  t a n k e r s . I n t e r e s t i n g l y ,
while Alaskan crude cannot be exported outside the U.S.  by law,
A l a s k a n  m e t h a n o l  c o u l d  b e  s h i p p e d  t o  J a p a n  a n d  o t h e r  P a c i f i c
markets.

Othmer  e s t i m a t e s  t h a t  t h e  N o r t h  S l o p e  c o u l d  p r o d u c e  a b o u t  8
b i l l i o n  g a l l o n s  o f  m e t h a n o l  p e r  y e a r  ( s m a l l  i n  c o m p a r i s o n  w i t h
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the  more  than 100 tr i l l ion  U.S . annual  gal lons  o f  gaso l ine)  f rom
t h r e e  p l a n t s  c o s t i n g  a r o u n d  $3.5 b i l l i o n  e a c h ,  f o r  a  t o t a l  o f
a r o u n d  $10.5 b i l l i o n . T h i s  c o s t  d o e s  n o t  c o m p a r e  u n f a v o r a b l y
w i t h  $6 b i l l i o n  f o r  t h e  g a s  s e p a r a t i o n  p l a n t ,  c o n s i d e r i n g  t h a t
compressors will, also be required to move methane gas,  plus the
$45 b i l l i o n  p i p e l i n e  r e q u i r e d  f o r  i t s  e x c l u s i v e  t r a n s p o r t  t o  t h e
Lower 48. A  g a s  p i p e l i n e  o n l y  t o  Valdez p r o v i d e s  n o  sqlution
u n l e s s  a  g a s  l i q u e f a c t i o n  p l a n t , loading  terminal  and dedicated
c r y o g e n i c  s h i p s  a r e  a d d e d , t o  m o v e  t h e  r e s u l t i n g  LNG o u t  o f
Alaska.

Othmer suggests  th is  methanol  produced  f rom Alaskan NG could  be
u s e d  i n  h i g h w a y  v e h i c l e s , f o r  g e n e r a t i n g  e l e c t r i c i t y  ( b y  g a s
t u r b i n e s ) , o r  l a t e r  c o n v e r t e d  t o  s y n t h e t i c  n a t u r a l  g a s ,  SNG. He
concludes SNG by the methanol route would cost about half as much
in  the  Lower  48 as  would  natural  gas  de l ivered  by  the  proposed
g a s  p i p e l i n e . H e  d o e s  n o t  m e n t i o n  t h e  p o s s i b i l i t y  o f  u s i n g
methanol as a chemical feedstock,  which may become its ultimate
l a r g e s t  a p p l i c a t i o n , u n l e s s  i t  r e p l a c e s  g a s o l i n e i n  a  l a r g e
number of automotive vehicles.

Alcohols  contain  oxygen. Consider ing  that  hydrogen is  the  most
e f f i c i e n t  c o m p o n e n t  o f  h y d r o c a r b o n  f u e l s ,  a  f u e l  w h i c h  a l s o
contains oxygen already has been npartially burned." The oxygen
i n  c o m b i n a t i o n  w i t h  s o m e  o f  i t s  h y d r o g e n  i s  e f f e c t i v e l y  w a t e r .
Methanol is unlikely to f ind much application in aviation because
a pound of  methanol contains about half  as many Btus as a pound
o f  g a s o l i n e . Methanol  i s  there fore  a  heavy  fue l  in  an  a irp lane ;
i t s weight d e t r a c t s from the a i r p l a n e ' s range-payload
performance. Nevertheless, s o m e experimenters with
piston-engined  a ircraf t  are  methanol  enthusiasts .

Due to octane advantages,  cleaner burning,  cooler f lame and other
a t t r i b u t e s  ( s o m e  c o n j e c t u r e  t h a t  t h e  o x y g e n  i n  m e t h a n o l  m a y
contr ibute to, b e t t e r engine a l t i tude performance), a v i a t i o n
m e t h a n o l  p r o p o n e n t s  c o n t e n d  t h e y  h a v e  b e e n  a b l e  t o  m a t c h  t h e
a i r c r a f t  m i l e s / g a l l o n  p e r f o r m a n c e  o f  g a s o l i n e . T h i s  c l a i m  w i l l
remain  in  doubt  unt i l  measured  with  re l iable  instrumentat ion .  I f
confirmed, methanol  could.be a  convenient  subst i tute  for  av iat ion
g a s o l i n e , a l though that  represents  only  about  5% o f  av iat ion  fue l
used . Noone h a s  c o n t e n d e d  t h a t  m e t h a n o l  c o u l d  c o m p e t e  w i t h
gasoline performance in aviation gas turbines. Combustion in gas
t u r b i n e s  i s  a l r e a d y  o v e r  99% e f f i c i e n t , while octane rating means
nothing in an open cycle.

E v e n  i n automobiles, m e t h a n o l  i s cons iderably heavier than
g a s o l i n e , pos ing  s o m e  operat ing  problems. Methanol engines are
a l s o  d i f f i c u l t  t o  s t a r t  b e c a u s e  o f  i t s  l o w  v a p o r  p r e s s u r e .
Generally, rather than using n e a t  m e t h a n o l  i n  a u t o m o b i l e s ,  10%
g a s o l i n e  w o u l d  b e  a d d e d  t o  i m p r o v e  s t a r t i n g  c h a r a c t e r i s t i c s .
Methanol attacks some m a t e r i a l s  i n conventional auto f u e l
s y s t e m s ,  but Ford is  at least one manufacturer which has produced
a n d  w i l l  d e l i v e r  m e t h a n o l  c a r s  f o r  f l e e t  o p e r a t o r s . Presumably
the current slump in gasoline sales has deferred Ford's plans for
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While  methanol  can be  thought  o f  as  methane  gas  l iquef ied  by  a
water molecule, LNG can be thought of  as methanol with the water
removed. F r o m  a n  a v i a t i o n  v i e w p o i n t ,  i t  i s  c r u c i a l  t o  l e a v e  o u t
t h e  w e i g h t  o f  a l l  t h a t  w a t e r . Even in an automobile,  for equal
operating range, a fi l led LNG tank is about the same size and has
a  lower  weight  than a  f i l led  gaso l ine  tank,  whi le  the  comparable
methanol tank is twice as large and twice as heavy as either.

B y  t o d a y ' s  e c o n o m i c  g r o u n d r u l e s ,  Othmer's a n a l y s i s  s h o w s  i t  i s
g e n e r a l l y  c h e a p e r  t o  liqefy n a t u r a l  g a s  b y  c o n v e r t i n g  i t  t o
m e t h a n o l  t h a n  t o  c l e a n  and l i q u e f y  t h e  Batural g a s  b y  r e d u c i n g
i t s  t e m p e r a t u r e  t o  -259 F. Once  at-259 F, however ,  and with  a
c r y o g e n i c a l l y  i n s u l a t e d  f u e l  t a n k ,  LNG i s  a  s u p e r b  f u e l .

LNG v a p o r i z e s  d i r e c t l y  t o  g a s e o u s  m e t h a n e ,  t h e  s i m p l e s t  a n d
c l e a n e s t  o f  a l l  h y d r o c a r b o n s ,  CH4, having four atoms of  hydrogen
b o u n d  t o  o n e  a t o m  o f  c a r b o n . A n  a u t o m o b i l e ,  f o r  e x a m p l e ,
r e q u i r e s  n o  c a r b u r e t o r  f o r  m e t h a n e , o n l y  a s i m p l e  p r e s s u r e
regulator  which  has  been used  for  years  in  meter ing  gas  and in
propane-powered industrial and farm equipment. The exhaust from
a n  LNG e n g i n e  e m i t s  c a r b o n  d i o x i d e ,  r a t h e r  t h a n  t o x i c  c a r b o n
monoxide. LNG e n g i n e s ,  t h e r e f o r e , c a n  b e  o p e r a t e d  i n  f a c t o r i e s ,
garages  and other  conf ined  spaces  without  danger  to  the  human
occupants.

S i n c e  i t  v a p o r i z e s  a b o v e  -259'F, a methane-powered engine will
s t a r t  e a s i l y  i n  a n y  c l i m a t e . Since  i ts  octane  equivalent  rat ing
is above 120 (on some bases,  about 130), a piston engine designed
to run on methane may use compression ratios around 16, competing
w i t h  d i e s e l  e n g i n e t h e r m a l  e f f i c i e n c i e s . But a methane engine
d o e s  n o t  s h a r e  t h e  s t a r t i n g , e x h a u s t  a n d  d i r t  p r o b l e m s  o f
d i e s e l s . I n  f a c t , other than hydrogen, i t  i s  t h e  c l e a n e s t  f u e l .
I t  p r o d u c e s  n o  s l u d g e ,  g u m ,  v a r n i s h ,  c a r b o n  d e p o s i t s  a n d ,  w i t h
i t s  l o w - i n t e n s i t y  i n t e r n a l  f l a m e , it  imposes lower temperatures
and thermal stresses,  does not tend to burn valves,  and has other
a t t r i b u t e s  w i t h i n  t h e  e n g i n e . E n g i n e  maintenanc.e s h o u l d  b e
d r a s t i c a l l y  r e d u c e d , t u n e - u p s  v i r t u a l l y  e l i m i n a t e d ,  o i l  c h a n g e s
extended dramatically, and engine  l i fe  great ly  extended.

Aside from s t r a i g h t c o s t  o f t h e  l i q u e f a c t i o n  p r o c e s s , the
c h i c k e n - a n d - e g g  i n t r o d u c t i o n  p r o b l e m  i s  f o r m i d a b l e  w i t h  LNG.
Storage i s  n o t  p a r t i c u l a r l y  d i f f i c u l t , thanks to developments
through the NASA space program. Beech  Aircraf t  and others ,  who
have developed cryogenic tanks and equipment for space vehicles,
a r e  o f f e r i n g LNG c o n v e r s i o n s  f o r  a u t o m o b i l e s ,  i n  w h i c h  t h e
c u s t o m e r  c a n  c o n v e r t  c o m p l e t e l y  t o  LNG, o r  m a y  r e t a i n  t h e
e x i s t i n g  g a s o l i n e  f u e l  s y s t e m  a n d , a t  h i s  o p t i o n  a n d  u s i n g  a
se lector  switch  on  the  dashboard , o p e r a t e  h i s  c a r  o n  e i t h e r  LNG
o r  g a s o l i n e . Fuel switching may be accomplished even while the
car  i s  under  way. T h i s  t y p e  o f  i n s t a l l a t i o n  m a r k e t s  f o r  l e s s
than $2000.

I n  a  B e e c h  i n s t a l l a t i o n ,  t h e  c r y o g e n i c  t a n k  v e n t s  a t  a b o u t  20
psia, o r  5  psi#, s imply  to  de lay  boiloff f rom the  t ime the  tank
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i s  f u e l e d . According  to  Beech , t h e i r  s t a n d a r d  18-gallon t a n k
d o e s  n o t  v e n t  a n y  v a p o r  f o r  a b o u t  t e n  d a y s  i n  a v e r a g e  s t o r a g e .
A t  t h a t  p o i n t , v e n t i n g  i s  a b o u t  o n e  c u b i c  f o o t  o f  g a s  p e r  h o u r .
T h i s  a m o u n t  m i g h t  b e  i g n o r e d ,  v e n t e d  t o  t h e  o u t s i d e  f r o m  a
garage I or  even returned into  the  munic ipal  natural  gas  system.
H o w e v e r  i f  t h e  c a r  i s  o p e r a t e d  a t  a n y  t i m e  d u r i n g  t h e  t e n - d a y
per iod , the tank is  returned to zero t ime.

Beech has operated an LNG-powered car in the Washington area for
s e v e r a l  y e a r s ,  p a r k i n g  i t  i n t h e  b a s e m e n t  g a r a g e  o f  i t s  o f f i c e
bu i ld ing . During this t ime the tank has not yet vented,  because
of f a i r l y  f r e q u e n t  u s e . Al though the  car  can  operate  on  e i ther
g a s o l i n e  o r  LNG, it  has not been driven with gasoline. Baltimore
Gas & Electric maintains a terminal for LNG imports from Algeria,
s o  t h a t  f u e l  i s  a v a i l a b l e  i n  B a l t i m o r e ,  a n d  a t  a b o u t  150 o t h e r
t e r m i n a l s  i n  t h e  U . S . , f o r  a b o u t  55 c e n t s / g a l . Long-term LNG
storage i s  p r a c t i c a l . M u n i c i p a l  g a s  d i s t r i b u t o r s  r e c e i v e  LNG
s h i p m e n t s  y e a r - r o u n d , b u t  u s e  t h e  g a s  t o  s u p p l e m e n t  g a s  p e a k
load demands during the winter months.

B e e c h  i s  e n t h u s i a s t i c a l l y  p u r s u i n g  t h e  a u t o m o t i v e  LNG m a r k e t ,
w i t h  t h e  h o p e  o f  b u i l d i n g  a  b a s e  o f  e x p e r i e n c e  f o r  i n t r o d u c i n g
LNG i n t o  g e n e r a l  a v i a t i o n .

I t  i s  n o t e w o r t h y  t h a t  m e t h a n e ,  l i k e  m e t h a n o l ,  c a n  a l s o  b e
produced from a l l  t y p e s  o f  h y d r o c a r b o n s , i n c l u d i n g  c o a l ,  p e a t ,
biomass, organic  wastes ,  and the  l ike . Beech  is  act ive  in  these
f i e l d s , inc luding  methane  f rom landf i l l s ,  f rom c i ty  sewage ,  f rom
c h i c k e n  m a n u r e ,  e t c . B e e c h  o f f e r s  i t s  e x p e r i e n c e  a s  p r o g r a m
a r c h i t e c t s and managers, assembling systems with ava i lab le
industr ia l  equipment f o r  c o l l e c t i n g ,  c l e a n i n g ,  l i q u e f y i n g  a n d
storing the methane, then offering Beech-developed equipment for
f i n a l  f u e l i n g  o f  t h e  v e h i c l e s , and the LNG fuel  system within the
vehic les  themselves . Other  manufacturers  o f fer  s imi lar  serv ices
or systems.

This author believes methanol and LNG are at close to a dead heat
i n  t h e i r  a b i l i t y  t o  r e p l a c e  g a s o l i n e  f o r  U . S .  h i g h w a y  v e h i c l e s .
Methanol has an edge in being a more conventional fuel and in the
l i k e l i h o o d  o f  i t s  w o r l d w i d e  p r o d u c t i o n . LNG h a s  t h e  d e c i d e d
a d v a n t a g e  o f  b e i n g  a  s u p e r i o r  f u e l  a n d , a s  f a r  a s  a v i a t i o n  i s
concerned, a n  a t t r a c t i v e  r e p l a c e m e n t  f o r  a v i a t i o n  g a s o l i n e ,  a s
w e l l  a s  a  p r a c t i c a l  r e p l a c e m e n t  f o r  j e t  f u e l .

Much depends on how the future develops. If  world gas producers
begin manufacturing methanol and o f fer ing  i t  as  wor ldwide  cheap
en-m5 that  should  set  the  course . I f  natural  gas  deregulat ion
i s  s u c c e s s f u l  i n  t h e  U . S . ,  a n d  g a s  p r i c e s  r e m a i n  r e a s o n a b l e  o r
d r o p  l o w e r  ( a s t h e  a u t h o r  b e l i e v e s  t h e y  s h o u l d ) ,  a n d / o r  i f
m a g n e t i c  l i q u e f a c t i o n  b e c o m e s  e c o n o m i c a l  o n  a  l a r g e  i n d u s t r i a l
s c a l e , LNG would  be  an outstanding  fue l . But, i f  U . S .  n a t u r a l
gas does succeed in becoming unregulated and cheap, probably the
d e m a n d  f o r  p e t r o l e u m  w i l l  d r o p  s o  d r a s t i c a l l y  t h a t  p e t r o l e u m
prices  will.be kept  low for  at  least  another  generat ion .
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biomass, organic  wastes ,  and the  l ike . Beech  is  act ive  in  these
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f i n a l  f u e l i n g  o f  t h e  v e h i c l e s , and the LNG fuel  system within the
vehic les  themselves . Other  manufacturers  o f fer  s imi lar  serv ices
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i n  t h e i r  a b i l i t y  t o  r e p l a c e  g a s o l i n e  f o r  U . S .  h i g h w a y  v e h i c l e s .
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l i k e l i h o o d  o f  i t s  w o r l d w i d e  p r o d u c t i o n . LNG h a s  t h e  d e c i d e d
a d v a n t a g e  o f  b e i n g  a  s u p e r i o r  f u e l  a n d , a s  f a r  a s  a v i a t i o n  i s
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Much depends on how the future develops. If  world gas producers
begin manufacturing methanol and o f fer ing  i t  as  wor ldwide  cheap
en-m5 that  should  set  the  course . I f  natural  gas  deregulat ion
i s  s u c c e s s f u l  i n  t h e  U . S . ,  a n d  g a s  p r i c e s  r e m a i n  r e a s o n a b l e  o r
d r o p  l o w e r  ( a s t h e  a u t h o r  b e l i e v e s  t h e y  s h o u l d ) ,  a n d / o r  i f
m a g n e t i c  l i q u e f a c t i o n  b e c o m e s  e c o n o m i c a l  o n  a  l a r g e  i n d u s t r i a l
s c a l e , LNG would  be  an outstanding  fue l . But, i f  U . S .  n a t u r a l
gas does succeed in becoming unregulated and cheap, probably the
d e m a n d  f o r  p e t r o l e u m  w i l l  d r o p  s o  d r a s t i c a l l y  t h a t  p e t r o l e u m
prices  will.be kept  low for  at  least  another  generat ion .
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U n f o r t u n a t e l y , t h i s  LPG s a f e t y  h a z a r d  h a s  b e e n  t a k e n  a s  a n
indicat ion  that  a l l  l iquef ied  gases  are  dangerous . S i n c e  LNG i s
l iquef ied  by  low temperature , i t s  s y s t e m  i s  p r e s s u r i z e d  o n l y  t o
some low, nominal  leve l . LNG does  not  immediate ly  gas i fy  in  case
of  a system rupture. A c igarette  wi l l  be  ext inguished in  a  poo l
af LNG; t r a c e r  b u l l e t s  c a n  b e  f i r e d  t h r o u g h  i t s  t a n k s  w i t h o u t
i g n i t i o n . But the l o c a l ordinances which o f t e n p r o h i b i t
t r a n s p o r t  o f  LPG a c r o s s  c e r t a i n  b r i d g e s  o r  t h r o u g h  t u n n e l s ,
usual ly  are  wri t ten  so  that  they  apply  equal ly  to  LNG.

If  LPG were used by general aviation,  the added demand would be
low enough so  as  not  to  inter fere  too  much with  the  industr ia l ,
remote  res idence  and  recreat ional  markets . On the other hand,
considering that when the economy i s  h e a l t h y  a n d  m o r e  p r i v a t e
o w n e r s  w i s h  t o  f l y  t h e i r  a i r p l a n e s , t h a t  i s  t h e  t i m e  t h e y  w i l l
face  compet i t ion  for  LPG f rom the  o ther  recreat ional  users . And,
a switch now of  some aviation demand from gasoline to LPG would
not appear attractive at a time when demand for gasoline is sti l l
f a l l i n g . A t  a n y  t i m e , s o m e  n e w  i n d u s t r i a l  u s e  f o r  LPG c o u l d
d e v e l o p  a  n e w  d e m a n d  a n d  j u s t i f y  LPG's s p e c i a l  a t t r i b u t e s  a s  a
h i g h - p r i c e d  f u e l . A v i a t i o n  m i g h t  f i n d  i t s e l f  p r i c e d  o u t  o f  t h e
market.

S i n c e  t h e r e  i s  c u r r e n t l y  n o  g e n e r a l  p r i c e  a d v a n t a g e ,  s i n c e  t h e
market is  small  and aviation could be the victim of  future market
developments, and s ince  LPG presents  apprec iable  sa fety  hazards ,
LPG o f f e r s  l i t t l e  a p p e a l  i n  a v i a t i o n .

Methane  is  a  c lean, energet ic  fue l  with  many advantages . When
LNG i s  l i q u e f i e d  b y  l o w  t e m p e r a t u r e ,  a  t a n k  w i l l  h o l d  a b o u t  600
times as much methane at atmospheric pressure as it would at room
temperature. But when methane is at room temperature, as more
f u e l  i s  a d d e d  t o  a  t a n k  to i n c r e a s e  v e h i c l e  r a n g e ,  t h e  t a n k
p r e s s u r e  m u s t  r i s e . F o r  u s e  i n  g r o u n d  v e h i c l e s ,  m e t h a n e  i s
usual ly  compressed  to  2500-3000 psi . The tanks are very heavy,
comparable to the high-pressure industrial  tanks used for bottled
hydrogen, ni trogen and acety lene . These  usual ly  weigh about  a
hundred pounds apiece and, with CNG, hold about the equivalent of
a  g a l l o n  o f  g a s o l i n e .

A  t y p i c a l  c a r f u e l e d  b y  CNG i s  l i m i t e d  b y  w e i g h t  t o  a b o u t  two
s u c h  h i g h - p r e s s u r e  b o t t l e s  a n d  t h e  c a r ' s  r a n g e  i s  t h e r e f o r e
l i m i t e d  t o  a b o u t  a  h u n d r e d  m i l e s . S o  t h e  m i s s i o n s  f o r  CNG
v e h i c l e s  a r e  s i m i l a r  ta t h o s e  f o r  e l e c t r i c  v e h i c l e s , where
battery  weight  i s  o f ten  about  hal f  the  weight  o f  the  vehic le .

CNG v e h i c l e s  h a v e  b e e n  f a i r l y  p o p u l a r  i n  I t a l y  s i n c e  WWII a n d
I t a l y  h a s  d e v e l o p e d  s p e c i a l  t a n k s  w h i c h  a r e  l i g h t e r  t h a n  t h o s e
u s e d  i n d u s t r i a l l y  i n  t h e  U . S . In its study of how to use its
natural gas supply, New Zealand is said to have studied derivable
a l t e r n a t i v e  f u e l s  a s  much,or  m a r e  t h a n  a n y  g r o u p . T h e y  w i l l
c o n v e r t  m u c h  o f  t h e i r  n a t u r a l  g a s  t o  g a s o l i n e  b y  t h e  M o b i l  M
p r o c e s s , w i t h  d e l i v e r i e s  s c h e d u l e d  t o  s t a r t  i n  1986. I n  t h e
meantime, the ir  government  has  prov ided  both  LNG and CNG f i l l ing
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s t a t i o n s  f o r  c i t i z e n s  a n d  i n d u s t r y  w h o  c o n v e r t  v e h i c l e s  f o r
e i t h e r  o f  t h e s e  f u e l s . I t  i s  u n d e r s t o o d  t h a t  LNG i s  f a i r l y
p o p u l a r , b u t  t h a t  CNG h a s  n o t  m a d e  m u c h  p e n e t r a t i o n  i n  N e w
Zealand.

W h i l e  a n  a i r c r a f t  e n g i n e  c o u l d  b e  e a s i l y  p o w e r e d  b y  CNG, t h e
weight  o f  the  fue l  tanks  would  be  complete ly  prohib i t ive .

Ethanol& A l c o h o l ,  " G r a i n  A l c o h o l "

Like methanol, ethanol can be manufactured from petroleum, by way
o f  e t h y l e n e . Industr ia l  e thanol  i s  made  by  th is  process  for  the
fa ir ly  smal l  demand o f  100 mi l l ion  barre ls  a  year . But ,  by  this
method, t h e  p r i c e  o f  e t h a n o l i s  h i g h e r  t h a n  f o r  m e t h a n o l  o r
g a s o l i n e . E t h a n o l  i s  n o t  b a s i c a l l y  a t t r a c t i v e  f o r  f u e l  u s e s ;  i t s
attract ion  ar ises  from the  fact  that  i t  can  be  made  f rom surplus
a g r i c u l t u r a l  p r o d u c t s . With  sui table  tax  advantages  and other
i n c e n t i v e s ,  i t can be made competitive f o r f u e l add i t i ve
purposes. Support  for  fue l  e thanol  depends  on  a  g iven nat ion 's
economy and interests; it may vary from time to time.

As is well known, Brazil has produced cars to run on ethanol made
from sugar and cassava products. More recently, w i t h  t h e  r i s i n g
w o r l d  p r i c e  o f  s u g a r , Brazi l  may be  in  a  no-win s i tuat ion . Its
"alcogas" is said to be now trending more toward "gasohol" .

L i k e  m e t h a n o l , u p  t o  a r o u n d  10% e t h a n o l  c a n  b e  m i x e d  w i t h
gasoline as an octane extender, raising the octane number by 2 or
3 points and essentially converting standard unleaded gasoline to
medium-grade or premium unleaded. T h e  e t h a n o l  i s  c o n s i d e r a b l y
more  expensive  than the  gaso l ine  but ,  as  an  ant i -knock  agent ,  i s
about competitive with higher-octane auto unleaded gasoline. Its
c o s t  i s  a l s o  a s s i s t e d  b y  t a x  a d v a n t a g e s ,  b o t h  s t a t e  a n d  f e d e r a l .
P r e v i o u s l y  m a r k e t e d  a n d  a d v e r t i s e d  a s  g a s o h o l ,  i t  i s  c u r r e n t l y
u s u a l l y  i d e n t i f i e d  o n l y  i n  t h e  f i n e  p r i n t .

I n  t h e  U . S .  t o d a y , s o m e  300-400 m i l l i o n  g a l l o n s  o f  e t h a n o l  i s
be ing  used  in  automot ive  fue ls . This may seem a rather sizeable
amount when compared to the industrial ethanol consumption. From
the automotive standpoint,  however, t h i s  u s e  i s  t r i v i a l  c o m p a r e d
to  the  approximate ly  100 tr i l l ion  gal lons  o f  h ighway fuel  used in
the U.S. annually. B u t  i t  i s  e n o u g h  t o  i n t e r e s t  U . S .  d i s t i l l e r s
and, for some time, U.S.  farmers seeking a wider market for their
g r a i n s .

E t h a n o l  p r o d u c e d  f o r  h u m a n  c o n s u m p t i o n  i s  m a d e  f r o m  f r u i t  o r
g r a i n  i n t o  w i n e ,  b e e r  o r  w h i s k e y . T h e s e  f e e d s t o c k s  a r e  t o o
valuable  for  fue l  purposes . A l s o , while ethanol can be made from
a  v a r i e t y  of s u g a r s , o r  s t a r c h e s  w h i c h  c a n  b e  c o n v e r t e d  t o
sugars ,  the  process  i s  through fermentat ion  into  a lcohol  by  l ive
b a c t e r i a . Conditions must be clean enough to be favorable to the
bacter ia  and the  process  i s  inherent ly  s low.

Following fermentation, t h e  a l c o h o l  m u s t  b e  s e p a r a t e d  f r o m  t h e
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s p l i t t i n g  w a t e r into  i t s  components , although there is a goad
market for oxygen.

T h e r e  i s  c o n s i d e r a b l e  f o r e i g n  i n t e r e s t  i n  h y d r o g e n ,  p a r t i c u l a r l y
i n  c o u n t r i e s  w h i c h  h a v e  a n  e l e c t r i c a l  s i t u a t i o n  d i f f e r e n t  t h a n
our own. E a s t e r n  C a n a d a ,  f o r  e x a m p l e ,  a l r e a d y  p r o d u c e s  m o r e
h y d r o e l e c t r i c i t y  t h a n  i t  c a n  c o n s u m e , w h i l e  i t  i s  a l s o  s e l l i n g
about  as  much surplus  to  the  N.E. United  States  as  the  market
w i l l  b e a r . But  Canada has  more  hydroe lectr i ca l  sources  which
could be tapped; t h e i r  i n t e r e s t  i n  h y d r o g e n  i s  f a i r l y  a c t i v e .

Even some Canadian powerplants which burn fossil fuels to produce
e l e c t r i c i t y  h a v e a c t i v e  p r o g r a m s  t o  d e v e l o p  h y d r o g e n  f o r  p e a k
s h a v i n g  p o w e r  d u r i n g  h i g h  p e r i o d s  o f  e l e c t r i c a l  d e m a n d . The
dec is ion  i s  pure ly  one  o f  economics . During low demand periods,
t h e  p l a n t  c a n  p r o d u c e  e x c e s s  e l e c t r i c i t y ,  w h i c h  i t  m a y  u s e  t o
manufacture hydrogen from water, h a v i n g  a  f a v o r a b l e  m a r k e t  f o r
t h e  o x y g e n  i t  a l s o  p r o d u c e s . During  peak demand per iods  for
e l e c t r i c i t y , t h e  p l a n t  c a n  b u r n  t h e  h y d r o g e n  i n  g a s  t u r b i n e s
(presumably aviat ion-type gas t u r b i n e s ) . Under these
c i r c u m s t a n c e s , i t  m a y  b e  c o n c l u d e d  t h a t  t h e  p l a n t  f i n d s  i t s
hydrogen cheaper than buying jet  fuel  for the turbines.

I n  a n o t h e r  c a s e ,  a  p r o p o s a l , r a t h e r  t h a n  a n  a c t u a l  i n d u s t r i a l
endeavor , a  S o u t h e r n  C a l i f o r n i a  u t i l i t y  c o n s o r t i u m  s o u g h t  t o
manufacture  and l iquefy  hydrogen from Montana coal ,  which  was
already being s h i p p e d  t o the C a l i f o r n i a desert a r e a  f o r
manufacturer ing  e lectr ic i ty . B y  s e l l i n g  b y p r o d u c t  e l e c t r i c i t y  t o
p o w e r p l a n t s  a t  t h e  s i t e  a n d  s u r p l u s  e l e c t r i c i t y  t o  t h e  u t i l i t y ,
as well  as making some heavy water for Canadian fission breeder
reactors , t h e  c o n s o r t i u m  s o u g h t  t o  p r o d u c e  100 t o n s  o f  LH2 p e r
d a y  a n d  d e l i v e r i t  t o  L o s  A n g e l e s  A i r p o r t  a t  a  p r i c e  p e r  Btu
l o w e r  t h a n  t h a t  o f  j e t  f u e l . T h a t  p r o p o s a l  a t  l e a s t  s u g g e s t s
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in  compet i t ion  with  ex ist ing  fue ls .
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i m p o r t a n t  t o  h a v e  f l e x i b i l i t y  t h a n  c o n v i c t i o n . T h e  p r e s e n t
petro leum pic ture  and the  future i n d i c a t e  t h a t  p e t r o l e u m  s t i l l
has a long run in the market. Alternative fuels may have a long
wait before making any real entry. The tremendous resources of
s h a l e , c o a l , p e a t  a n d  p r o b a b l y  g a s ,  m a y  c o n t i n u e  t o  c r o w d
h y d r o g e n  o f f  t h e  e n t r y  l i s t . But things may change at any time.
O t h e r  n a t i o n s  a c c o u n t  f o r  t h e i r  c o s t s  d i f f e r e n t l y  t h a n  w e  d o .
Coal  i s  be ing  l iquef ied  in  South Afr ica ; gas  wi l l  be  converted  to
gasal ine in ‘New Zealand. When the French are well supplied with
f i s s i o n  b r e e d e r  r e a c t o r s , e lectr i c i ty  may become cheap in  the ir
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economy and hydrogen may become a n  a t t r a c t i v e  p o r t a b l e  f u e l  t o
them.

T h e  r e a s o n  f o r  i n c l u d i n g  h y d r o g e n  h e r e  i s  n o t  b e c a u s e  i t  i s
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L i q u i d  h y d r o g e n  i s  a t t r a c t i v e  e n o u g h  i n  a v i a t i o n  s o  t h a t ,  i f  i t
should become economical, i t  c o u l d  a f f e c t  a v i a t i o n  e a r l y  i n  i t s
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new air frame-engine  combinat ion  to  rea l ize  the  fu l l  va lue  o f  LH2,
there  should  be  ample  warning  to  the  av iat ion  community  be fore
h y d r o g e n  c a n  b e c o m e  a v a i l a b l e  i n  s u f f i c i e n t  q u a n t i t i e s  a t  a
compet i t ive  pr ice .

Synthetic Fuels

As a base point, i t  i s  c o n v e n i e n t  t o  r e f e r  b a c k  t o  NEPP-1983  a n d
c o n s i d e r  t h e  D O E ' s  f o r e c a s t  f o r  t h e  p a r t  t h a t  s y n t h e t i c  f u e l s
should  p lay  in  the  U.S .  petro leum pic ture . D O E ' s  p r o j e c t i o n  i s
not f i n e - s c a l e and i t  d o e s not show the c o n t r i b u t i o n s  o f
synthetic R&D projects, only  synthet ic  product ion  in  mult ip les  o f
100,000 BPD. But  that  is  probably  a  pract ica l  v iew. I t  does  not
show any synthetic inputs to the oil  market until  year 2000, when
t h e  c o n t r i b u t i o n  i s  100,000 BPD, l e s s  t h a n  1% o f  U . S .  d o m e s t i c
o i l  product ion  at  that  t ime. B u t  a c t i v i t y  b e g i n s  t o  b u i l d  f a i r l y
r a p i d l y ,  w i t h  p r o d u c t i o n  r e a c h i n g  500,000 BPD i n  2005, n e a r l y  4%
o f  d o m e s t i c  o i l  o u t p u t  a n d ,  i n  2010, r i s i n g  t o  1.5 m i l l i o n  BPD,
a lmost  12% o f  domest ic  o i l  product ion . So DOE considers shale a
def in i te  contender , but  cons iderably  de layed  into  the  future .

D O E ' s  t i m i n g  f o r  i n t r o d u c i n g  s y n t h e t i c  f u e l s  i s  n e c e s s a r i l y
s e n s i t i v e  t o  t h e  r a t e  a t  w h i c h  t h e y  s e e  t h e  d e m a n d  f o r  O P E C
production ris ing  above t h e  O P E C  p r i c e  t h r e s h o l d ,  a b o u t  80% o f
OPEC production capacity at any given time. The DOE forecast for
synthet ic  product ion  penetrat ion  a lso  depends  on  assumptions  as
t o  h o w  t h e  c o s t s  o f  s h a l e - o i l  p r o d u c t i o n  w i l l  r e a c t  t o  t h e
g e n e r a l i n f l a t i o n  p a t t e r n ( a s  o i l  p r i c e s  r i s e ,  t h e  c o s t  o f
s y n t h e t i c  ' f u e l  p l a n t s  r i s e s ) . I t  i s  n o t a b l e  t h a t  D O E  d o e s  n o t
i n c l u d e  a n y  o t h e r  s y n t h e t i c  f u e l s  i n  t h e  o i l  p i c t u r e ,  o n l y  s h a l e
o i l .

D O E  d o e s  a n t i c i p a t e t h a t  c o a l  l i q u i d s  w i l l  b e g i n  t o  b e c o m e  *
avai lable  at  the  same t ime,  year  2000, and in the same quantity,
100,000 BPD i n  t h a t  y e a r . T h a t  f u e l  i s  a s s u m e d  t o  b e  u s e d  i n
g e n e r a t i n g  e l e c t r i c i t y . But the coal synthetic industry grows at
a much slower rate than that for shale oil . I t  i n c r e a s e s  t o  o n l y
200,000 BPD i n  2005,a n d  t o  700,000 BPD i n  2010, l e s s  t h a n  h a l f
the  growth rate  for  shale  o i l .

In any case, at  least  as  seen by  DOE in  NEPP-1983,  no  synthet ic
f u e l s  w i l l  a f f e c t  t h e  U . S . e n e r g y  p i c t u r e  u n t i l  2000, w h i l e  t h e i r
r a t e  o f introduct ion w i l l remain quite low for some time
t h e r e a f t e r . But  that  i s  pro ject ing  far  enough ahead so  that  no



7-15

synthet ic  fue l  pro ject  manager  should  be  part i cular ly  perturbed
by  these  conc lus ions .

A l t e r n a t i v e s  and=

Coal

M o s t  o f  t h e  m a t e r i a l  h e r e  i s  t a k e n  f r o m  " N e w  T e c h n o l o g i e s  f o r
B u r n i n g  C o a l , "  DOE/FE-0030, D e c e m b e r  1982 a n d  t h e  NavyEnergy
Fact Book of  1979, published by OP-413.

A s  i s  g e n e r a l l y  r e c o g n i z e d ,  a n y w a y  i t ' s  m e a s u r e d ,  t h e  U n i t e d
S t a t e s  h o l d s  a  c o l o s s a l  a m o u n t  o f  c o a l ,  m o r e  t h a n  a n y  o t h e r
country in the world and more than a quarter of  the world's  total
supply. According  to  the  World  Energy  Conference  o f  1977, the  '
U.S. has  a lmost  28%, w i t h  t h e  U S S R  s e c o n d  a t  j u s t  o v e r  17% a n d
China third with 15.5%.

I n  1976 o u r  p r o v e d  r e s e r v e s  w e r e  438 b i l l i o n  t o n s  a n d ,  s i n c e  o u r
g r e a t e s t  r a t e  o f  p r o d u c t i o n  h a s  n e v e r  e x c e e d e d  a  b i l l i o n  t o n s  a
year I t h o s e  r e s e r v e s  w i l l  l a s t  a  l o n g  t i m e . I n  a d d i t i o n  t o  t h e
proved  reserves , out  to ta l  es t imated  U.S .  resource ,  mapped and
e x p l o r e d , i s  1,734 b i l l i o n  t o n s . Adding  the  unmapped and
unexplored estimate, w e  s h o w  a  g r a n d  t o t a l  o f  n e a r l y  4  t r i l l i o n
tons . I f  m i n e d  a t  a  b i l l i o n  t o n s  a  y e a r ,  t h a t  r o u n d s  o u t  t o  a
4,000-year s u p p l y .

In  1982, the  U.S . produced over 833 mill ion tons of  coal ,  up from
a b o u t  824 m i l l i o n  i n  1981 a n d  563 m i l l i o n  b a c k  i n  1973. Of the
833 m i l l i o n  t o n s  p r o d u c e d , w e  u s e d  707 m i l l i o n  d o m e s t i c a l l y .
A l m o s t  a l l  o f  o u r  c o n s u m p t i o n  i s  i n  e l e c t r i c a l  g e n e r a t i o n  o r  a s
c o k e  i n  i n d u s t r y ;  i n  1983, almost 600 mill ion tons was burned in
e l e c t r i c  u t i l i t i e s . T h e  833 m i l l i o n  t o n s  p r o d u c e d  i s  a b o u t
e q u i v a l e n t  t o  3.6 b i l l i o n  b a r r e l s  o f  o i l ,  o r  a b o u t  t e n  m i l l i o n
b a r r e l s  o f  o i l  a  d a y . T h a t  r e c a l l s  a n  e a r l i e r  o b s e r v a t i o n  t h a t
our  domest ic  coa l  product ion  i s  about  equivalent  to  our  domest ic
o i l  product ion  (as  wel l  as  our  natural  gas  product ion) .

S o  o u r  l i m i t a t i o n  o n  u s i n g  c o a l  l i e s  n o t  w i t h  t h e  s u p p l y . The
p r o b l e m s  w i t h  c o a l  a r e  i n  h a n d l i n g  a n d  b u r n i n g  i t  c l e a n l y .
Al though improved  technology  wi l l  he lp  coa l  to  be  used  more ,  in
1973 the  pr ice  d i f ference  between coal  and o i l  was  only  about  $2
p e r  b a r r e l  o i l  e q u i v a l e n t . T o d a y  t h e  d i f f e r e n c e  i s  m o r e  t h a n
$20/bbl. With  that  pr ice  d i f ference , considerable expense can be
b o r n e  t o  m a k e  c o a l  e n v i r o n m e n t a l l y  a c c e p t a b l e . T h e  l a r g e s t
problem with  coal  i s  in  i ts  sul fur  content .

T h e  s u l f u r  c o n t e n t  i n  c o a l  v a r i e s  c o n s i d e r a b l y  f r o m  r e g i o n  t o
region and even in the same seam, varying from less than 1% to as
much as 6-7%; 2-3% is  the most common. But  a  s ingle  seam can
vary as much as the maximum. In general, eastern  coal  i s  h igh  in
s u l f u r ,
mined.

b u t  i t  a c c o u n t s  f o r  n e a r l y  75% o f  t h e  c o a l  p r e s e n t l y
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b u t  i t  a c c o u n t s  f o r  n e a r l y  75% o f  t h e  c o a l  p r e s e n t l y
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released . As  impl ied  above , c o a l  c a n  b e  c l e a n e d  a t  t h e  m i n e ,
where about 20-50% of  the sulfur can be removed now, not enough
to meet environmental standards for new power plants. To achieve
t h e  90% goa l , sulfur and ash must be removed by grinding the coal
f r o m  t o d a y ’ s  1/100th o f  a n  i n c h  t o  1/1000th o f  a n  i n c h ,  t h e
consistency of  talcum powder. DOE hopes to improve this physical
cleaning to extract more than 75% of  the pyritic sulfur and ash.

The  sur face  character is t i cs  o f  coa l  tend  to  at tract  o i l  and  repe l
water so, when fine ground, instead o f  separat ing  by  gravi ty ,  the
coal  can be  coated  with  an o i l -based  substance  that  adheres  only
t o  t h e  c o a l . T h e  m i x t u r e  i s  f e d  i n t o  a  f r o t h  f l o t a t i o n  c e l l
w h e r e  m e c h a n i c a l l y  a g i t a t e d  a i r  bub’bles a d h e r e  t o  t h e  c o a l
p a r t i c l e s  a n d  f l o a t  t h e m  t o  t h e  s u r f a c e ,  l e a v i n g  a s h  a n d  o t h e r
m i n e r a l s  i n  t h e  t a n k . I n  a  s i m i l a r  o p e r a t i o n ,  a f t e r  c o a l  i s
c o a t e d  w i t h  t h e  o i l - b a s e d  l i q u i d ,  t h e  m i x t u r e  i s  v i o l e n t l y
agi tated  to  agglomerate  the  coal i n t o  l a r g e r  p a r t i c l e s  t h a t  c a n
be separated.

P u r e  c o a l  i s  s l i g h t l y  dimagnetic, weakly repelled by a magnetic
f i e l d . Pyritic s u l f u r  i s  s l i g h t l y  paramagnetic, a t t r a c t e d  b y  t h e
f i e l d . An advanced coal cleaning process is being based on this
p r i n c i p l e .

Unlike physical c o a l preparation, chemical cleaning removes
s u b s t a n t i a l l y  a l l  t h e  pyritic s u l f u r  p l u s  v a r y i n g  a m o u n t s  o f
o r g a n i c  s u l f u r . S e v e r a l  c h e m i c a l  p r o c e s s e s  a r e  i n  t h e i r  e a r l y
experimental stages and c o s t s w i l l  b e higher than f o r
c o n v e n t i o n a l  p h y s i c a l  c l e a n i n g . Another experimental approach
uses microwaves, which pass undisturbed through wet coal, but not
through impuri t ies . These  two  processes  together  have  reduced
ash and sul fur  by  near ly  90% in  laboratory  tests .

The wet coal  must be dewatered in centrifuges,  vibrating screens,
f i l t e r s , or  thermal  dr iers , none of which works well. So DOE is
working with chemicals known as “f locculating agents” that cause
s m a l l  c o a l  p a r t i c l e s  t o  m a s s t o g e t h e r  f o l l o w i n g  c l e a n i n g . Fine
c o a l  a s s i s t s  i n  c l e a n i n g  b u t  p o s e s  p r o b l e m s  f o r  b u l k  s h i p p i n g .
R e s e a r c h  i s  a l s o  u n d e r  w a y  t o  d e v e l o p  l o w - c o s t ,  l o w - m o i s t u r e
binders that w i l l reconst i tute the c o a l into s i z e s more
economical  for shipment.

Recent work in stack scrubbing has shown that by careful control
o f  humidi ty  and temperature  ins ide  a  spray  dr ier ,  more  than 90%
of sulfur from eastern coal can be captured using only about half
as much l ime as previously thought. E f f i c i e n c y  o f  c o n v e n t i o n a l
scrubbers  has  been improved  by  adding  chemicals  such  as  adipic
a c i d . Dried scrubber sludge has been blended with f ly ash, l ime
and cement and compressed into blocks. Today’s research is  being
aimed at removing SO

a$d
and NO

lessX
i n  a  s i n g l e  s t e p ,  r a t h e r  t h a n  b y

current expensive e f f e c t i v e mult ip le s teps . BY
c o n t r a s t , a  two-step  e lectrostat i c  prec ip i tat ion  system promises
t o  r e m o v e  u n b u r n e d  p a r t i c l e s  a t  a b o u t  h a l f  t h e  c a p i t a l  c o s t s  o f
conventional systems.
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One of  the most promising methods f o r  r e m o v i n g  p o l l u t a n t s  a n d
complete ly  e l iminate t h e  n e e d  f o r  s c r u b b e r s ,  i s  fluidized-bed
combust ion , i n s i d e  t h e  b o i l e r  i t s e l f . A  c o n v e n t i o n a l  b o i l e r
b u r n s  c o a l  b l o w n  i n  a t  s e v e r a l  l e v e l s ,  p e r m i t t i n g  t h e  h o t
combustion gases to s w i r l  u p  a n d  o u t  o f  t h e  b o i l e r . Fluidized
combust ion  suspends  a  mixture  o f  coa l  and  l imestone ,  the  nbedn,
on upward-blowing j e t s  o f a i r . The mixture acts like a
turbulent , b o i l i n g  l i q u i d - - h e n c e  t h e  n a m e  “fluidized b e d ” . The
limestone, c h e m i c a l l y  c h a n g e d  t o  l i m e  i n  t h e  combustor, a b s o r b s
the  sul fur  d iox ide  be fore  i t  reaches  the  s tack .

Since combustion temperatures
t o  1700’F,

i n  fluidized b e d s  r a n g e  f r o m  1450
s i g n i f i c a n t l y  l e s s  t h a n  t h e  2700’+F o f  a  c o n v e n t i o n a l

b o i l e r , o u t p u t  o f  n i t r o g e n  o x i d e s i s  r e d u c e d  b y  a b o u t  h a l f .
Fluidized b e d  b o i l e r s  a r e  a l s o  m o r e  c o m p a c t  a n d  s h o u l d  c o s t
s l i g h t l y  l e s s , w h i l e  t h e y  o p e r a t e w e l l  i n  s m a l l e r  s i z e s  a n d
therefore  should  f ind  wider  appl i cat ion .

The “ g r a n d f a t h e r ”  o f  U . S . fluidized b e d  c o a l  combustors  i s  a
500-Kw unit  bui l t  around 1965 in  Alexandria ,  Virg inia ,  with  funds
f ram the Federal coal research program. This unit  confirmed the
d e s i g n  p r i n c i p l e s a n d  h a s  l e d  t o  i m p r o v e d  m e t h o d s  f o r  c o a l
feeding  and later i n d u s t r i a l - s c a l e  fluidized-bed combustors.  A
newer  10-Mw unit  at  Georgetown Univers i ty  in  Washington began
b u r n i n g  h i g h  s u l f u r  c o a l  i n  1979 w h i c h ,  i n  a  t e s t  p r o g r a m  t o
1982, c o n f i r m e d  t h a t  t h e  fluidized b e d  c o n c e p t  c o u l d  m e e t  t h e
str ingent  a ir  po l lut ion  standards .

B a s e d ,  o n  t h e s e  a n d  o t h e r  u n i t s ,  i n d u s t r y  i s  n o w  w o r k i n g  o n
commerc ia l  insta l lat ions , while. DOE is working on a new cycle of
development. One  idea  would  force  pressure  pulses  through the
bed to improve combustion, l ike the pulse-combustion gas furnace,
w h i c h  o p e r a t e s  i n  p r i n c i p l e l ike  the  German V- l  buzz  bombs to
increase compression ratio above atmospheric.

In another vers ion , b y  p r e s s u r i z i n g the s y s t e m  t o 6-16
atmospheres, the boiler output contains enough energy to power a
g a s  t u r b i n e - g e n e r a t o r ,  p l u s  p r o d u c e  s t e a m  f o r  a n o t h e r  t u r b i n e .
T h i s  t y p e  o f  c o m b i n e d  c y c l e  o f f e r s e f f i c i e n c i e s  u p  t o  40%,
c o m p a r e d  t o  t h e  32-34% f o r  c o n v e n t i o n a l  c o a l - f i r e d  p o w e r  p l a n t s
with scrubbers. R e c a l l i n g  Fig.l-1, this type of  development will
a s s i s t  i n  r e d u c i n g  t h e 26.2 Q u a d s  o f  e n d - u s e  l o s s e s ,  w h i c h
accounted for over 30% of  the total  energy consumed in the United
States during 1982.

B u t  t h e s e  c o m b i n e d  c y c l e s  e r o d e  a n d  c o r r o d e  t u r b i n e  b l a d e s ,
unless particles can be separated out, blade’s can be protected by
c o a t i n g s ,  o r other p r o t e c t i o n s  d e v i s e d . Curtiss-Wright i s
working with DOE on a 13 Mw pressurized fluidized-bed power plant
a t  W o o d r i d g e , N e w  J e r s e y  a n d  h a s  d e v e l o p e d  m e t h o d s  f o r  b o t h
s e p a r a t i n g  particulates a n d  c o a t i n g  t u r b i n e  b l a d e s . T h i s  u n i t
s h o u l d  s t a r t  t e s t s  i n  1983, operating on funds from an industrial
group. DOE is also working through the IEA with the UK and the
FRG t o  t e s t  a  p r e s s u r i z e d  s y s t e m  w h i c h  b e g a n  o p e r a t i o n  i n
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Yorkshire  in  1980 and should  cont inue  through 1983. The UK is
a l s o  s t u d y i n g t h e  fluidized b e d  s y s t e m ' s  a b i l i t y  t o  a d j u s t
demands  for  e lectr ica l  load  fo l lowing .

F ina l l y , coa l - l iquid  mixtures  o f fer  another  avenue for  improving
coal  handl ing  and combust ion , to  make  i t  more  compet i t ive  with
o i l  a n d  g a s . T h i s  p r i n c i p l e  d a t e s  b a c k  t o  t r i a l s  b y  t h e  Cunard
Company and the U.S. Navy in the 1920s. B e f o r e  t h e  f i r s t  o i l
c r i s i s , m a n y  u t i l i t i e s s w i t c h e d  f r o m  c o a l  t o  o i l ,  b u t  a r e  n o w
u n a b l e  t o switch b a c k  t o conventional c o a l b e c a u s e  o f
i n s u f f i c i e n t  s p a c e  f o r  c o a l - h a n d l i n g  e q u i p m e n t . C o a l - l i q u i d
mixtures  may o f fer  a l ternat ives .

Coal-water slurries may contain up to 70% coal,  and use no oil  at
a l l . Such a mixture was used by Jersey Central Power and Light
i n  1961, b u t  n o  f u r t h e r  w o r k  w a s  d o n e  u n t i l  t h e  mid-1970s.
Working with DOE, Atlantic Research Corp..  in Alexandria,  Va. has
s h o w n  t h a t  s t a b l e  m i x t u r e s  o f  c o a l  a n d  w a t e r  c a n  b e  p r e p a r e d ,
s t o r e d  a n d  h a n d l e d  l i k e  c o a l - o i l  m i x t u r e s . More  important ,
c o n v e n t i o n a l  o i l - h a n d l i n g equipment can accomodate coal -water
s lurr ies  with  modest  modi f i cat ions .

Today, DOE has b e g u n  a three-year research program with
Combustion Engineering, Inc. and TRW to build a data base on the
h a n d l i n g  a n d  c o m b u s t i o n  o f  c o a l - w a t e r  m i x e s . W o r k  i s  a l s o
underway on coal-methanol, c o a l - e t h a n o l  a n d  o t h e r  h y b r i d  c o a l
f u e l s .

Coal burning has already progressed significantly from the 1940s.
Some o f  today 's  coa l -burning  p lants  are  c leaner  than ones  which
burn o i l . Improved techniques, including b e t t e r c o a l
preparat ion , c o m b u s t i o n  a n d  s c r u b b i n g  a l l  p r o m i s e  t o  p r o v i d e  a
b e t t e r  m a r k e t  f o r  c o a l  i n  t h e  f u t u r e . M a n y  u t i l i t i e s  a n d
industr ies may s w i t c h  t o c o a l - o i l  o r coal -water s l u r r i e s ,
depending on capital costs of systems now under development.

And ,  .lurking i n t h e  b a c k g r o u n d , t h e r e  a r e  p o s s i b i l i t i e s  f o r
b e t t e r  a n d  c h e a p e r  w a y s  o f  c o n v e r t i n g  c o a l  i n t o  l i q u i d  f u e l s ,
i n c l u d i n g  m e t h a n o l ,  g a s o l i n e ,  d i e s e l  a n d  j e t  f u e l . Methods
e x i s t ; i f  t h e  c o s t  i m p r o v e s , t h e y  c a n  b e c o m e  v e r y  i m p o r t a n t .
While coal may appear a  mundane and far fetched  subject  to  the
aviation community,  both by replacing oil  and gas,  and perhaps by
contr ibut ing t r a n s p o r t a t i o n  f u e l s  d i r e c t l y ,  i t  m a y  e v e n t u a l l y
have  major  e f fects  on  aviat ion 's  u l t imate  dest iny .

I n  i t s  a n a l y s e s  f o r  NEPP-1983, DOE/EIA c o n c l u d e s  t h a t  U . S .  c o a l
consumption will  increase more than for any other form of  energy.
From about 30% of  the nation's domestic energy production today,
i t  i s  e x p e c t e d  t o  i n c r e a s e  t o  o v e r  40% i n  2010.

synthet ic  Fuels

Synthetic fuels and oil  from shale were discussed at some length
in the Impact report and there i s  l i t t l e  a d d i t i o n a l  t o  r e v i e w  a t
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p r o g r e s s i v e l y  h e a v i e r  c r u d e  o i l s  a n d  t o  r e d u c e  p r o d u c t i o n  o f
heavier  products , s u c h  a s  r e s i d u a l  o i l , whose markets have been
shrinking.

W h i l e  a  m a j o r  t r e n d  i n  r e f i n i n g  m a y  s t i l l  n o t  b e  c o m p l e t e l y
confirmed, refiners appear to be on the threshold (or moving past
the  threshold)  o f  developing  cata lysts  which  wi l l  (or  a lready do)
g r e a t l y  r e d u c e  c a p i t a l  c o s t s  a s  w e l l  a s  p r o c e s s i n g  c o s t s  i n  n e w
p l a n t s . T h e  r e f i n i n g i n d u s t r y  i s  r e l u c t a n t  t o  d i s c u s s  t h e s e
prospects  because  o f  intense  compet i t ion .  These  cata lysts  appear
t o  b e  a b l e  t o : (1) p r o d u c e  p r o d u c t s  m o r e  s e l e c t i v e l y ,  r e d u c i n g
the mix of  products or maximizing a desired product,  (2) act  more
rapidly  and in  a  s ingle  pass ,
plant equipment,

reducing the size and complexity of

s u c h  a s
(3) r e d u c e  t h e  c o s t s  o f  c a t a l y s t s  a n d  t h e i r  u s e ,

t h r o u g h  l i q u i d  s t a t e  o r  d i s p o s a b l e  c a t a l y s t s , (4)
accomplish their conversions at lower temperatures and pressures,
conserv ing  energy  and operat ing  costs  and,
less  extreme condi t ions ,

(5) b y  o p e r a t i n g  a t

vesse ls  required .
reduce  the  s trength  and cost  o f  re f inery

I f  a n d  w h e n  t h e s e  t r e n d s  a r e  c o n f i r m e d ,  s u p e r i o r  q u a l i t y  f u e l s ,
i n c l u d i n g  j e t  f u e l , s h o u l d  b e c o m e  a v a i l a b l e  a t  c o n v e n t i o n a l  o r
l o w e r  p r i c e s .
going on.

This  i s  an  opt imist ic  v iew o f  what  appears  to  be

At any rate, use of  severe hydrogenation and catalytic  processing
o f  v a r i o u s  t y p e s  i s  l i k e l y  t o  i n c r e a s e  i n  t h e  f i n i s h i n g  o f  f u t u r e
f u e l s , i n c l u d i n g  j e t  f u e l s .
molecules,

B e i n g  m a d e  o f  l i t e r a l l y  s y n t h e t i c
t h e s e  p r o d u c t s  w i l l  l a c k  m o s t  o f  t h e  i m p u r i t i e s  a n d

s o m e  o f  t h e  c h a r a c t e r i s t i c s  ( s u c h  a s  l u b r i c i t y )  o f  t o d a y ' s  f u e l s .
S i n c e  t h e  s p e c i f i c a t i o n s  f o r  t o d a y ' s  f u e l s  w e r e  b u i l t  f r o m  a
purely petroleum base, these  synthet ics  may e i ther  add qual i t ies
o r  l a c k  q u a l i t i e s  t h a t  a r e  u n i v e r s a l  i n  n a t u r a l  p e t r o l e u m  f u e l s .

Consequently, i n  t h e  f a i r l y  n e a r future ,
s h o u l d  b e

o n e  t o  t e n  y e a r s ,  i t
d e s i r a b l e  t o e s t a b l i s h  a new b a s e  o f f u e l

character izat ion data and s p e c i f i c a t i o n s . These new
s p e c i f i c a t i o n s should include and d e s c r i b e a l l the
c h a r a c t e r i s t i c s  t h a t  v a r i o u s  f u e l s  s h o u l d  p o s s e s s  ( a n d  e x c l u d e )
f o r  s a f e  a n d  s a t i s f a c t o r y  o p e r a t i o n .

Nuclear Power

Nuclear  power  was  d iscussed  br ie f ly  in  th Impact report  and wi l l
be mentioned here largely as an updated comment. T h e  s t a t e  o f
n u c l e a r  p o w e r  i n  t h e  U n i t e d  S t a t e s  i s  a  g r a p h i c  i l l u s t r a t i o n  o f
how public values, o r  t h e  p u b l i c ' s  s o c i o l o g i c a l
the development of an energy source.

v i e w ,  c a n  a f f e c t

As in some other parts of  the world, nuclear power has met strong
p o l i t i c a l r e s i s t a n c e  i n  t h e  U . S . ,  d e l a y i n g  o r  c a n c e l l i n g  m a n y
p r o j e c t s  a n d  r a i s i n g  t h e  c o s t s  o f  a l l . Whereas a few years ago
nuclear powerplants e x h i b i t e d  a  c l e a r  e c o n o m i c advantage over
t h o s e  p o w e r e d  b y  c o a l  a n d  o t h e r  f u e l s ,  t o d a y ' s  e n v i r o n m e n t a l ,
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s a f e g u a r d  a n d  p e r m i t  p r o b l e m s  f o r  n u c l e a r  p l a n t s  ,have a b o u t
priced them out of the market.

I n d e e d , b e c a u s e  o f  t h e s e  d i f f i c u l t i e s  a n d  d e l a y s ,  a n d  o f t e n
b e c a u s e  o f  a d v e r s e  p u b l i c  r e l a t i o n s , util ity companies who must
d e a l  s o  d i r e c t l y  w i t h  t h e  p u b l i c  f i n d  g r e a t  d i f f i c u l t y  i n
c o m m i t t i n g  t o  c o n s t r u c t i o n  o f  n e w  n u c l e a r  p l a n t s . Nuclear
s p e c i a l i s t s  a r e  m o r e  o f t e n  h e a r d  t o  o b s e r v e  t h a t  t h e y  d o  n o t
expect any more nuclear powerplants to be completed in the U.S.
d u r i n g  t h e i r  l i f e t i m e s .

I n  p r e p a r i n g  t h e  d a t a  b a s e  f o r  NEPP-1983, EIA's p r o j e c t i o n s  f o r
nuclear power are founded on p lant -by-plant  analyses  which  are
updated each year. T h e y  n o t e  t h a t  t h i s  y e a r ' s  p r o j e c t i o n s  f o r
n u c l e a r  a r e  l o w e r  t h a n  a n y  i s s u e d  i n  t h e  p a s t . I n  a d d i t i o n  t o
some plant slowdowns and cancellation of  some plants as much as
30% complete , they note that no new plants have been ordered now
f o r  s e v e r a l  y e a r s . S o m e  o f  t h i s  s i t u a t i o n  i s  b e c a u s e  o f  l o w e r
e l e c t r i c a l demands than expected, f inanc ia l c o n s t r a i n t s  o n
u t i l i t i e s , a n d  h i g h e r  c o n s t r u c t i o n  c o s t s . B u t  p a r t  o f  t h e s e
l a t t e r  t w o constra ints r e s u l t s from the Three Mile Island
i n c i d e n t . EIA e x p e c t s  t h a t  o r d e r s  f o r  n e w  n u c l e a r  p l a n t s  w i l l
resume in  the  late  1980s when the  demand growth for  e lectr i c i ty
recovers .

The time and rate at which new plant orders resume will  depend
s t r o n g l y  o n  p u b l i c  p o l i c i e s  a t  t h e  t i m e ;  c o n s e q u e n t l y ,  EIA n o t e s
c o n s i d e r a b l e  u n c e r t a i n t y  i n  i t s  f o r e c a s t . I n  y e a r  2000, t h e y
pro ject  a  low est imate  o f  110 g igawatts  nat ional  nuclear  capaci ty
whereas, i n  c a s e  o f  sustantial r e g u l a t o r y  r e f o r m , t h e  c a p a c i t y
could  reach  140 g igawatts . From today 's  nuc lear  contr ibut ion  o f
3.5% t o t a l  U . S . energy ,  nuc lear ' s  share  could  there fore  increase
to  around 8.5% to  11%.

While the U.S. c a n  a f f o r d  t o  ' b e  c r i t i c a l  o f  n u c l e a r ,  h a v i n g  s o
many other options available, countries such as France and Japan
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problem with spent fuel , the  shie ld  mater ia l  in  a  fus ion  p lant  i s
l i k e l y  t o  b e c o m e  h i g h l y  r a d i o a c t i v e  a n d  m a y ,  i n  t h e  l o n g  r u n ,
c o n s t i t u t e  a s  s e v e r e  a  d i s p o s a l  p r o b l e m  a s  s p e n t  f i s s i o n  f u e l .
Further, many as knowledgeable as Edward Teller have remarked
t h a t  t h e r e  i s  n o  r e a s o n  t o  e x p e c t  t h a t  t h e  c a p i t a l  c o s t s  f o r  a
fus ion  p lant  wi l l  be  cheaper  than for  a  f i ss ion  p lant . And since
t h e  f u e l  c o s t  i n  a  f i s s i o n  p l a n t  i s  a l m o s t  n e g l i g i b l e  i n  t h e  c o s t
o f  i t s  e l e c t r i c i t y , fusion may yield few financial advantages.
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Fusion  power  may be  demonstrated  sat is factor i ly  within  the  next
f e w  y e a r s  b u t , a s  T e l l e r  a n d  o t h e r s  h a v e  o b s e r v e d ,  p r o b a b l y
t w e n t y  t o  t h i r t y  y e a r s  o f  e n g i n e e r i n g  a n d  d e v e l o p m e n t  w i l l  b e
r e q u i r e d  b e f o r e  i t  c a n  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  U . S .
e n e r g y  s u p p l y . I n  t h e  m e a n t i m e ,  U . S .  n u c l e a r  g r o w t h  w i l l
p r o b a b l y  b e  l i m i t e d  t o  c o m p l e t i o n  o f  p l a n t s  w h i c h  a r e  a l r e a d y
under  construct ion . As  EIA hopes , and the ir  forecasts  assume,
e x i s t i n g r e g u l a t i o n s  m a y  b e r e l a x e d . S o m e  f o r e i g n  n u c l e a r
programs wi l l  no  doubt  a f fect  the  wor ld  o i l  market  to  a  greater
extent  than wi l l  U.S .  nuc lear  act iv i ty .

Renewable Ener_qy

As shown in Chapter 2, U.S. renewable  energy  suppl ies  less  than
8% of  the national energy demand, w h i l e  v i r t u a l l y  a l l  o f  t h i s  i s
from hydroelectric power and from wood, mostly wastes used in the
paper  and forest  products  industr ies . I n  t h e i r  f o r e c a s t  t o  y e a r
2010, t h e  DOE/EIA s h o w s  t h a t  renewables a r e  j u s t  a b o u t  8% o f
domestically-produced energy now, and will  *increase to about 14%
i n  2010. The potent ia l  for  expanding  U.S .  hydroe lectr i c  capac i ty
i s  v e r y  l i m i t e d .

EIA's p r o j e c t e d  p r i c e i n c r e a s e s  i n  o i l  a n d  g a s  a r e  e x p e c t e d  t o
stimulate more u s e  o f wood, p e r h a p s  o f l a r g e - s c a l e wind,
photovoltaic, and p o s s i b l y s o l a r e l e c t r i c a l generating
technolog ies . Even so, renewables a r e  n o t  l i k e l y  t o  m u c h  a f f e c t
the  larger  markets  o f  coa l , o i l  and natural  gas  in  the  ear ly  part
o f  the  next  century . Of course, i n  c a s e  o f  a  f i n e  b a l a n c e  o f  o i l
demand against world oil production, such as the demand for OPEC
o i l  p r o d u c t i o n  EIA f o r e c a s t s  i n  1985, a  r e l a t i v e l y  s m a l l  e n e r g y
contr ibut ion  may be  success fu l  in  s taving  o f f  o i l  pr ice  increases
for  a  use fu l  t ime.

As EIA p o i n t s o u t , "Major c o s t and technica l f e a s i b i l i t y
u n c e r t a i n t i e s  a f f e c t  renewables p r o j e c t i o n s . Factors such as the
f u t u r e  c o s t  o f  c o m p e t i n g  e n e r g y  s o u r c e s ,  t h e  r a t e  o f  e c o n o m i c
growth, a n d  c o n s u m e r  a c c e p t a n c e  o f  n e w  t e c h n o l o g i e s i n  t h e
marketplace a l s o  a f f e c t  f u t u r e  renewables s u p p l y . T h e  r o l e  o f
renewables  i n  t h e  n a t i o n a l  e n e r g y  e q u a t i o n  i s ;  t h e r e f o r e ,  h i g h l y
u n c e r t a i n . Renewables c o u l d  d e v e l o p  f r o m  a  m o d e s t  c u r r e n t
contr ibut ion  to  a  s igni f i cant  energy  supply  by  2010, depending  on
f a c t o r s  w h i c h  a r e  d i f f i c u l t  o r  i m p o s s i b l e  t o  q u a n t i f y  a t  t h i s
t ime. "

I t  s h o u l d  b e  n o t e d  t h a t  s o m e  e n e r g y  s o u r c e s  c l a s s i f i e d  a s
renewables  d o  n o t  r e a l l y  f u l f i l l  t h a t  dsfinition i n  t h e  a b s o l u t e
s e n s e . W o o d  c a n  b e  g r o w n  a s  a  r e n e w a b l e  b u t ,  i f  i t s  u s e  i s
i n c r e a s e d  s u b s t a n t i a l l y , t h e  w o r l d ' s  a v a i l a b l e  w o o d  w o u l d  b e
d e p l e t e d - - i t  m a y  a l r e a d y  b e  i n  d e c l i n e . R a i s i n g  w o o d  a s  a
b i o m a s s  e n e r g y  c r o p  i s  n o t  t h e  m o s t  e f f i c i e n t  u s e  o f  l a n d  a n d
other  resources .

Water power is  not truly renewable on the long scale of  t ime that
c o a l  w i l l  b e  a v a i l a b l e , f o r  e x a m p l e . D a m s  a n d  t h e i r  l a k e s
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An indication of  the status of  conventional geothermal energy can
b e  g a i n e d  b y  a  n e w s  r e l e a s e  f r o m  D O E  o n  A u g u s t  30, 1983,
"Secretary  o f  Energy  Don Hodel today  announced  the  approval  o f
$99.6 m i l l i o n  G e o t h e r m a l  L o a n  G u a r a n t e e  A p p l i c a t i o n  f o r  t h e
Niland P r o j e c t , l o c a t e d  i n  t h e  C a l i f o r n i a  I m p e r i a l  V a l l e y . This
will  be the f irst  commercial  geothermal powerplant in the United
States  to  operate  f rom hot  water  sources  instead  o f  s team. The
t o t a l  p r o j e c t  c o s t  i s  e x p e c t e d  t o  e x c e e d  $130 m i l l i o n . The
p r o j e c t  c o v e r s  t h e  d e v e l o p m e n t  o f  a  25,000-kilowatt w e l l  f i e l d
and powerplant, s i z e d  t o f a c i l i t a t e  a l a t e r e x p a n s i o n  t o
approximately  49,000 ki lowatts . "

II .  ..The p lant  to  be  constructed  willabe a  dual - f lash powerplant
based upon a fluid temperature of 525 F and is expected to become
o p e r a t i o n a l  i n  e a r l y  1986. T h e  Niland l o a n  g u a r a n t e e  i s  t h e
l a r g e s t  c o m m i t t e d  u n d e r  a  p r o g r a m  b e g u n  i n  1974 t o  e n c o u r a g e
geothermal development under Public Law 93-410, as amended. The
Niland p r o j e c t  i s  e x p e c t e d  t o s t i m u l a t e  f u r t h e r  p r i v a t e  s e c t o r
development of  other commercial  scale geothermal projects."

During the past two years, some encouraging indications have come
from the  t remendous  source  o f  geopressured  br ine  under  the  Gul f
of  Mexico Coast. Where  i t  had been thought  in i t ia l ly  that  these
r e s o u r c e s  l o o k e d  f a n t a s t i c a l l y  l a r g e , i t  then appeared  that  they
w e r e  s o  e x t e n s i v e l y  f r a c t u r e d  t h a t  t h e  e n e r g y  w a s  i s o l a t e d  i n t o
s m a l l  u n i t s . S i n c e  e x p e n s i v e  w e l l s  a r e  n e e d e d  t o  r e a c h  t h e
d e p t h s  a s  g r e a t  a s  30,000 ft, the  costs  o f  tapping  these  sources
appeared discouraging. Add i t i ona l l y , t h e  s a l t  c o n t e n t  o f  t h e
br ine  tested  high and indicated  that  d isso lved  natural  gas  would
b e  r e s t r i c t e d . Importantly, energy  in  the  d isso lved  natural  gas
was many times greater t h a n  i n the b r i n e ' s pressure and
temperature.

More recently,
500'F,

brines have been tapped with temperatures of about
comparable t o  g e o t h e r m a l  w e l l s i n  t h e  I m p e r i a l  V a l l e y .

But more important, this temperature permits the brine to carry a
c o n c e n t r a t i o n  o f natural gas which again b e g i n s  t o look
promising.

Where  d isposal  o f  the  vast  quant i t ies  o f  br ine  had recent ly  been
regarded  as  a  major  obstac le , i t  h a s  b e e n  f o u n d  t h a t  t h e  b r i n e
c a n  b e  e c o n o m i c a l l y  s e l f - i n j e c t e d i n t o  e x i s t i n g shal low br ine
a q u i f e r s , e v e n  a f t e r  s e c o n d - s t a g e  h e a t  e x t r a c t i o n . T h e  c o s t  o f
t h e s e  w e l l s  i s  s t i l l  t o o  h i g h  t o  b e  c o m p e t i t i v e  b u t ,  w i t h  t h e i r
heat  content  now becoming attract ive  to  industry ,  the  p ic ture  i s
d e f i n i t e l y  i m p r o v i n g . Costs  o f  methane  f rom these  wel ls  would
n o w  r u n  a l m o s t  c o m p e t i t i v e  w i t h  d e e p - w e l l  g a s  f r o m  t h e  R o c k y
Mountain Overthrust region. The  u l t imate  energy  resource  f rom
this region may be gargantuan.

A s  t h i s  r e s o u r c e  i s  t e s t e d  f u r t h e r ,  t h e  U . S .  m a y  f i n d  t h a t  t h e
Texas-Louis iana area  wi l l  provide  yet  another  trump card  in  the
energy game.
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Solar Energy

T h e  f i e l d  o f  s o l a r  e n e r g y  r i g h t f u l l y  i n c l u d e s  r a i n  h y d r o e l e c t r i c
power, wind, waves, and to a  l a r g e  e x t e n t , t i d e s . For
convenience, the  term wi l l  be  used  here  for  so lar  inso lat ion ,  the
sun ’s  radiant  energy  which  s tr ikes  the  earth ’ s  sur face .

Enough so lar  progects are  now in  progress  so  that  fa ir ly  re l iable
e c o n o m i c  a s s e s s m e n t s  s h o u l d  b e  a v a i l a b l e  w i t h i n  t h e  n e x t  f e w
years ; including solar power towers,  photovoltaics,  ocean thermal
e l e c t r i c  c o n v e r s i o n  (OTEC), s a l t  p o n d s ,  a n d  t h e  l i k e .

Probably  a lready we can conf ident ly  say  that  OTEC can be  useful
w h e r e  t h e r e  i s  a  sizeable t e m p e r a t u r e  d i f f e r e n c e  b e t w e e n  t h e
local  ocean’s surface water and the water at depth,  combined with
a  m a r k e t  f o r  t h e  p o w e r  n e a r b y  w h i c h  d o e s  n o t  h a v e  a c c e s s  t o
cheaper  e lec tr i c  power . For the U.S. , this indicates Hawaii and
P u e r t o  R i c o  a r e  t h e  m o s t  a t t r a c t i v e  s i t e s ,  a l t h o u g h  t h e  J o h n s
Hopkins Applied Physics Laboratory steadfastly contends that OTEC
ships grazing in tropical waters can produce methanol, ammonia or
other  transportable forms o f  energy  at  compet i t ive  costs .

T h e  S t a t e  o f  H a w a i i  h a s  b e e n  r e v i e w i n g  a  w h o l e  m y r i a d  o f
r e n e w a b l e  e n e r g y  p o s s i b i l i t i e s . I n  a d d i t i o n  t o  b e i n g  w e l l
s i t u a t e d  f o r  OTEC, Hawai i  has  one  o f  the  wor ld ’ s  best  wind s i tes
in  the  saddle  between Mauna Loa and Mauna Kea on the  b ig  is land.
Its geothermal energy may be e x p l o i t a b l e , although not
conveniently occurring as steam, and its wastes from sugar cane,
p ineapple  and other  agr icul ture  may o f fer  at tract ive  sources  for
methane. H a w a i i  h a s  s o m e  a p p r o p r i a t e  d e s e r t  a r e a s  f o r  s o l a r
power. A n d  i t  a l r e a d y  h a s  l a n d f i l l  t h a t  c a n  b e  t a p p e d  f o r
methane gas. I t  remains  to  be  seen  how these  opt ions  might  be
e x p l o i t e d  a n d  w h a t  t h e  c o s t s  o f  e n e r g y  w o u l d  b e  d e l i v e r e d  t o
customers. These examples in  Hawai i should b e  u s e f u l  t o
renewable  interests  in  o ther  loca les .

T h e  C r u d e  O i l  W i n d f a l l  P r o f i t  T a x  A c t  o f  1980 p r o v i d e s  u n t i l
December 31, 1985, a 15% nonrefundable tax credit  for investments
m a d e  i n renewable resource property . El ig ible investments
i n c l u d e  s o l a r  e q u i p m e n t  t o  h e a t  o r  c o o l  b u i l d i n g s  o r  t o  s u p p l y
hot water, or for technology employing wind. I n  a d d i t i o n ,  a  10%
investment tax c r e d i t  i s o f f e r e d f o r biomass property .
A p p r o x i m a t e l y  20 s t a t e s  a l s o  h a v e  t a x  c r e d i t  p r o g r a m s ,  e n e r g y
g r a n t s  a n d  o t h e r  s o l a r  i n v e s t m e n t  i n c e n t i v e s . I t  i s  p e r h a p s
ironic that the same act which offers these incentives places one
o f  t h e  s t r o n g e s t  d e t e r r e n t s  o n  U . S . d o m e s t i c  o i l  p r o d u c t i o n ,
e f fect ive ly  grant ing  an economic  incent ive  to  imported  o i l .

A s  T. Kemper  Brotherton  o f  Reynolds  Metals  comments  in ,  “So lar
Energy  & Technology  Update , ”  10th EnerZConference,
Washington, March, 1983, “With i n t e r e s t  r a t e s  c o m i n g  d o w n ,  t h e
way i t  works  out  i s  that  you can buy a  so lar  system,  f inance  i t
and not  be  one  cent  out -o f -pocket . I n  f a c t , a t  t h e  e n d  o f  t h e
f i r s t  y e a r , y o u  w i l l  b e  i n  t h e  n e i g h b o r h o o d  o f  $1000 i n - p o c k e t
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t h a n k s  t o  t h e  t a x  c r e d i t . How does  i t  work? F a i r l y  s i m p l y .
T h e r e  i s  a  40% t a x  c r e d i t  f o r  s o l a r  ( f o r  r e s i d e n c e s - E d . ) . Forty
p e r c e n t  o f  $3000 i s  $1200. Your  f inanc ing  charges  for  that  f i rs t
year  wi l l  be  maybe  $300-400. Take  that  and subtract  your  fue l
s a v i n g s  a n d  s u p p l e m e n t  i t  w i t h  y o u r t a x  c r e d i t  a n d  y o u  a r e
in-pocket with the amounts I  indicated. So lar  economics  for  the
i n d u s t r y  h a v e b e e n  f a i r l y  d i s m a l . S o l a r  e c o n o m i c s  f o r  t h e
country and the consumer are pretty good."

S o l a r  i n s t a l l a t i o n s , particularly domestic systems, are extremely
labor  intens ive  systems. In  typica l  systems the  labor  costs  are
60%. This  character is t i c  i s  a  two-edged sword . On the one hand,
so lar  pro jects  are  appeal ing  in  creat ing  jobs ;  on  the  other  hand,
t h e  h i g h  i n s t a l l a t i o n  c o s t s  o f f s e t  m u c h  o f  t h e  a d v a n t a g e  o f  t h e
renewable energy source.

Another c h a r a c t e r i s t i c , p a r t i c u l a r l y f o r photovoltaic s o l a r
a r r a y s ,  i s  t h a t  s i t e  p r e p a r a t i o n  a n d  i n s t a l l a t i o n  o f  f o u n d a t i o n s
and support ing  s tructures  can  eas i ly  exceed  the  e lectr i ca l  system
c o s t s . I t  h e l p s  t o  s e l e c t  a  l e v e l  b u i l d i n g  s i t e  f o r  l a r g e
systems. One of  the important considerations in such a system is
t o  m i n i m i z e  t h e  b a l a n c e - o f - s y s t e m  (BOS) c o m p o n e n t s  i n c l u d i n g
f o u n d a t i o n s ,  s t r u c t u r e s , intermodule connections, f i e l d  w i r i n g ,
and system grounding. Recent  systems have  been insta l led  with
much improved BOS costs, which some say are becoming competitive
with conventional energy sources.

Small photovoltaic i n s t a l l a t i o n s are already c o m p e t i t i v e  i n
remote l o c a t i o n s ,  o r  w h e r e v e r  i t  i s e x p e n s i v e  t o d e l i v e r
conventional power. I f  t h e  c o s t  o f  PV c e l l s  c a n  b e  r e d u c e d  b y
th in - f i lm technology , replac ing expensive s i l i c o n c r y s t a l s ,
photovoltaic i n s t a l l a t i o n s  s h o u l d  i n c r e a s e  c o n s i d e r a b l y .  PV
s y s t e m s  o f f e r  o n e  d i s t i n c t  a d v a n t a g e ;  t h e y  c a n  b e  i n s t a l l e d  i n
l e s s  t h a n  a  y e a r . B u t  t h e  i n s t a l l a t i o n ,  BOS, c o s t s  w i l l  a l w a y s
impose  a  s igni f i cant  l imit  on  the ir  economic  penetrat ion .

D u e  t o  t h e  f a c t  t h a t  d i r e c t  i n s o l a t i o n  s y s t e m s  c a n  o n l y  o p e r a t e
e f f e c t i v e l y f o r about e i g h t h o u r s  a day under the b e s t
c o n d i t i o n s , s o l a r  e n e r g y  m a y  p a y  o f f  b e s t  f o r  p e a k  s h a v i n g  i n
sunny areas  where  a ir -condit ioning e l e c t r i c a l  d e m a n d s  a r e  h i g h
during the daylight hours.

T h e  w o r l d ' s  l a r g e s t  s o l a r  photovoltaic s y s t e m  t o d a y  i s  t h r e e
t imes  greater  than any  other  PV system.
ARC0 S o l a r ,  I n c .  n e a r  Hesperia,

B u i l t  o n  20 a c r e s  b y
C a l i f o r n i a  a n d  d e d i c a t e d  i n

February, 1983, t h i s  p l a n t  i s  r a t e d  a t  340 KWe, e n o u g h  t o  s u p p l y
about 400 average homes in Southern California. Considering that
Southern C a l i f o r n i a Edison 's 1982 generating c a p a c i t y was
13,606,833 KWe, t h i s  w o r l d ' s  l a r g e s t  PV s y s t e m  c a n  c o n t r i b u t e
about 0.025% of  Edison's  customer requirements.

For  wel l  into  the  next  century , t h e r e  i s  l i t t l e  i n d i c a t i o n  t h a t
solar energy may displace significant amounts of  petroleum in the
market.
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'grandfather ing ' i s  essent ia l  to  any  entrepreneural  ownership  .of
a  p r o j e c t  o f  t h i s  s i z e . "

Thus it can be seen that a facility of this type is not
f i n a n c i a l l y  f e a s i b l e  t o  a  u t i l i t y ,  e v e n  w i t h  t h e  f a v o r a b l e
f i n a n c i a l  c l i m a t e  t h a t  t h e y  e n j o y . I t  c a n  b e  a t t r a c t i v e  t o
i n v e s t o r s  o n l y  i f  e n e r g y  t a x c r e d i t s  a r e  e x t e n d e d  t h r o u g h  t h e
l i f e  o f  t h e  p r o g r a m . T h e  c o n t r a s t  b e t w e e n  t h e s e  f i n a n c i a l
b e n e f i t s compared with the tax and regulatory burdens laid on
f o s s i l  fuils, i s  r a t h e r  s t r i k i n g .

"To  further  pursue  Edison 's  corporate  ob ject ive  o f  having  300MWe
o f  s o l a r  c a p a c i t y  b y  1990, E d i s o n  r e l e a s e d  a  S o l a r  P r o g r a m
O p p o r t u n i t y  A n n o u n c e m e n t  (SPOA) o n  M a y  3, 1982, t o  s o l i c i t
p r o p o s a l s  f o r  a  t h i r d - p a r t y  o w n e r s h i p  o f  S o l a r  100; p r o p o s a l s
were due September 17, 1982. Edison, there fore  hopes  to  have  a
minimum of  one  large  so lar  centra l  rece iver  by  1990 at  or  be low
a v o i d e d  c o s t  t o  i t s  r a t e p a y e r . T h i s  300MWe g o a l  w o u l d  i n c r e a s e
t h e i r  c u r r e n t  c a p a c i t y  b y  o n l y  2.2%, o r  S o l a r  100 w o u l d  i t s e l f
add only 0.73%.

Wind Power

Like other forms of  energy, wind power has had its ups and downs
t h r o u g h  h i s t o r y . I n v e n t e d  i n  P e r s i a , w i n d m i l l s  w e r e  s p r e a d
through Europe by the crusaders, but could not compete with water
p o w e r  i n  c o l o n i a l  A m e r i c a . I n  t h e  m i d  1800s, h o w e v e r ,  t h e
multi-bladed, automatical ly regulated , waterpumping windmill
p layed  a  major  part  in  opening  up the  West ,  provid ing  water  for
people I c a t t l e , and rai lroad locomot ives . Small windmill
e lectr i c  generators  were  used  extens ive ly  in  the  Midwest  in  the
1920s a n d  30s, u n t i l  r u r a l  e l e c t r i f i c a t i o n  t o o k  o v e r . Windmill
e l e c t r i c a l generat ion  was re-examined  a s  a n a l t e r n a t i v e  t o
o i l - f i r e d  g e n e r a t i o n  a t  t h e  t i m e  o f  b o t h  w o r l d  w a r s ,  t h e n  c h e a p
o i l  r e t u r n e d .

Now the subject is being reviewed both here and abroad. Although
windmill development c o n t i n u e d  i n Europe during l o n g  U . S .
d i s i n t e r e s t , the  DOE ( "The  State  o f  Wind Energy  Development
Overseas," L o u i s  V. Divone, D i r e c t o r  o f Solar E l e c t r i c
Technolog ies , 10th E n e r g y  T e c h n o l o g y Conference, Washington,
March, 1983) cons iders that t h e  U . S . current ly l e a d s  i n
t e c h n o l o g y  f o r  b o t h  s m a l l  a n d  l a r g e  m a c h i n e s . Divone r e p o r t s
that there are many hundreds of new 20-50kw systems now in use on\
farms in Denmark.

The International Energy Agency (IEA) has a cooperative agreement
on large  wind energy  systems which  requires  that  members  bui ld
one or more large systems;  Denmark, the U.S., Sweden, Germany,
t h e  U . K . and Canada a r e  p a r t i c i p a t i n g . T h e  l a r g e s t  U . S .
i n s t a l l a t i o n  t o  d a t e  i s  a  D O E - s p o n s o r e d  c l u s t e r  o f  t h r e e  2.5MW
MOD-2 windmills built  by Boeing Engineering and Construction Co.
at Goldendale, Washington. DOE has in progress a competition to
b u i l d  a  s i n g l e  7.3MW m o d e l  f o r  o p e r a t i o n  i n  1985. The  largest
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f ie ld  o f  wind machines  in  the  U.S .  i s  200 windmil ls  o f  50kw each
a t '  Altamont, C a l i f o r n i a ,  f o r  a  t o t a l  o f  1MW.

A l l  o f  t h e s e  a r e ,  o f  c o u r s e , small  in comparison with Solar 100's
100MW, which we have seen is a very small  producer in comparison
with  a  large  ut i l i ty  company 's  output . Al l  these  renewables have
i n  c o m m o n  t h e  n e e d  f o r  i n v e s t m e n t  c r e d i t s  a n d  o t h e r  f i n a n c i a l
b e n e f i t s . . I n  t h e  c a s e  o f  w i n d m i l l s ,  i t  i s  i n t e r e s t i n g  t o
c o n j e c t u r e  h o w  l o n g  t h e y  m a y  e n j o y  p u b l i c  f a v o r  i f  t h e y  a r e
erected in enough numbers t o  m a k e  a  r e a l  e n e r g y  c o n t r i b u t i o n .
Already  some h a v e  b e e n  n o t e d  c r i t i c a l l y  b e c a u s e  o f  " v i s u a l
p o l l u t i o n " ,  n o i s e , and inter ference  with  te lev is ion  recept ion .

The World Energy Conference h e l d  i t s  trienniel m e e t i n g  a t  N e w
Delhi , India in September,  1983. I t  i s  i n t e r e s t i n g  t h a t  n o n e  o f
the some 150 t e c h n i c a l papers presented discussed the
avai labi l i ty  or  the  est imated quant i ty  for  the  wor ld ' s  remaining
r e s o u r c e s  o f  f o s s i l  f u e l s , a l though prev ious  conferences  o f  1980
and 1977 expressed deep and detailed concern. Instead ,  most  o f
t h e  1983 m e e t i n g s  a d d r e s s e d  e n e r g y  p l a n s  o f  v a r i o u s  c o u n t r i e s ,
l a r g e l y  t h i r d - w o r l d  c o u n t r i e s ,  m e t h o d s  f o r  u s i n g  f o s s i l  f u e l s
more e f f i c i e n t l y , and p a r t i c u l a r l y methods f o r employing
renewable forms of energy.

This  apparent ly  s igni f i cant  shi f t  could  be  v iewed in  two ways .  A
p r o p o n e n t  o f  r e n e w a b l e  e n e r g y  m i g h t  c o n c l u d e  t h a t  r e n e w a b l e
sources  are  the  most  important  matters i n  w o r l d  e n e r g y  t o d a y .
Others may conclude that most countries of  the world now are not
a larmed about  the  prospects  for  foss i l  fue l  suppl ies  and pr ices ,
b u t  a r e  c o n c e n t r a t i n g  o n  h o w  b e s t  t o  u s e  t h e m . One could
conc lude  they  are i n t e r e s t e d  i n  renewables i n  o r d e r  t o  r e d u c e
their  purchase  o f  fore ign  energy . N e i t h e r  t h i s  i n t e r e s t  n o r  t h e
e n e r g y  p l a n s  o f  t h e s e  c o u n t r i e s  a r e l i k e l y  t o  a f f e c t  t h e  w o r l d
energy  market  soon  but ,  in  the  long  run,  th ird-wor ld  demand for
e n e r g y  g r o w t h  s h o u l d  o u t s t r i p  t h e  i n d u s t r i a l i z e d  n a t i o n s . For
t h e  l o n g  r u n , i t  i s  i n t e r e s t i n g  t o  c o n s i d e r  s o m e  o f  t h e  v i e w s
expressed.

India , for example, n o t e s  t h a t  t h e i r  r e c e n t  g r o w t h  o f  e l e c t r i c a l
power has been phenomenal; i t  i s  e x p e c t e d  t o  b e  s t r o n g  i n  t h e
f u t u r e . S i n c e  I n d i a  h a s  l i t t l e  o i l  a n d  n e e d s  m o r e ,  I n d i a n
electr ica l  generat ion  wi l l  grow in  hydra , coal  and more vigorous
future  nuc lear  power . S t r o n g  s y s t e m  a n a l y s e s  w i l l  h a v e  t o  b e
m a i n t a i n e d  t o assure equitable d i s t r i b u t i o n  o f e l e c t r i c i t y
throughout the country, as  wel l  as  to  opt imize  generat ing  p lants
between mine-pit  locations and population centers.

Many emerging countries l ike Tanzania are regarding development
o f  v i r g i n  h y d r o e l e c t r i c  p o w e r . A t  t h e  s a m e  t i m e ,  t h e y  d o  n o t
cons ider  i t  economical ly  feas ib le  to  t ie  much o f  the ir  populat ion
i n t o  t h e  e l e c t r i c a l  g r i d . Mini-hydra i n s t a l l a t i o n s  m a y  h e l p ,
part i cular ly  in  replac ing  present  d iese l -powered  systems. Other
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nations l i k e  Y u g o s l a v i a , which have developed hydra power
intensive ly  in  the  past , see the end of  growth in these resources
a n d  n e e d  t o  r e l y  o n  t h e r m a l  g e n e r a t i o n . Some are  organiz ing
sophist i cated e v a l u a t i o n  o f t h e i r hydroresources t o e x t r a c t
maximum benefit.

The USSR smugly notes that it  is  the only large industrial  nation
w h i c h  m e e t s  b o t h  i t s  e n e r g y  a n d  m a t e r i a l s  r e q u i r e m e n t s  f r o m
w i t h i n  i t s  b o r d e r s , a n d  e x p e c t s  t o  m a i n t a i n  d e v e l o p m e n t  a t
" o u t s t r i p p i n g  r a t e s . " C o n t r a r y  t o e a r l i e r  r e p o r t s  f r o m  t h e
I n t e r n a t i o n a l  I n s t i t u t e  o f  A p p l i e d  S y s t e m s  A n a l y s i s ,  a  S o v i e t
paper  contends  that  they  wi l l  extens ive ly  expand their  e lectr i ca l
system,  with  nuc lear  power  in  the  European part  o f  the  country ,
w i t h  c o a l , natural  gas  and o i l -gas  in  eastern  regions ,  and with
much more hydropower in Siberia. They will  be increasing voltage
o f  e l e c t r i c a l  t r a n s m i s s i o n  l i n e s ,  a n d  m o v i n g  t o  d.c. The paper
speaks much of i n t e r n a t i o n a l  c o o p e r a t i o n , t e c h n i c a l  a s s i s t a n c e
abroad, and the "Final  Act  s igned in  Hels inki . " "On their  part ,
the  Soviet  power  engineers  by  part i c ipat ing  in  the  Congress  are
ready  to  contr ibute  to  creat ion  o f  an  atmosphere  o f  cooperat ion
and good wi l l . "

F i n l a n d  a n d  s o m e  o t h e r  c o u n t r i e s  a r e  v e r y  i n t e r e s t e d  i n  t h e i r
e x t e n s i v e  p e a t  r e s o u r c e s ,  w h i c h  t h e  U . S .  h a s  a l s o  b e g u n  t o
recognize . At  present , only  Finland, the USSR and Ireland use
p e a t  t o  a n y  s i g n i f i c a n t  d e g r e e , but  several  o ther  deve loped  and
d e v e l o p i n g  c o u n t r i e s  h a v e s t a r t e d  p e a t  p r o g r a m s . Answering
Canada's previous questions on using depleted peat bogs,  Finland
b e l i e v e s  c u t a w a y  p e a t  b o g s  c a n b e  u s e d  f o r  a g r i c u l t u r e  a n d
f o r e s t r y , as well  as for biomass production.

England is  making  more  sophist i cated  se ismic  surveys  o f  i t s  coa l
resources , a lso l o o k i n g  a t synthet ic gas from c o a l . The
Netherlands concludes it  will  probably not meet the coal goals of
the World Coal Study (WOLCOL), but  wi l l  cont inue  developing  coal
a n d  o i l ; s h e  w i l l  n e e d  t o  l o o k  m o r e  t o w a r d  n u c l e a r  p o w e r  a n d
natural g a s . The Internat ional U n i o n  o f Producers and
D i s t r i b u t o r s  o f  E l e c t r i c a l  E n e r g y  (UNIPEDE) s e e s  t h e  n e e d  f o r
i m p r o v e d  m a n a g e m e n t  o f  e l e c t r i c a l  s y s t e m s  a t  a l l  l e v e l s ,  u s i n g
more coal and nuclear power. Many countries reported on nuclear
power developments, r e c a l l i n g that the 1980 WEC i n  M u n i c h
surpr ised  the  U.S . de legat ion  by  strongly  support ing  and urging
i n c r e a s e d  n u c l e a r  d e v e l o p m e n t  ( i n  s p i t e  o f  p o p u l a r  a n t i - n u c l e a r
demonstrations).

B r a z i l  c o n c l u d e s  t h a t  s a n i t a r y  l a n d f i l l s  o f  i t s  l a r g e s t  c i t i e s
h o l d  g o o d  p o t e n t i a l  f o r  c o l l e c t i n g  m e t h a n e . L a n d f i l l s  c a n  b e
constructed b e t t e r  t o improve anaerobic d i g e s t i o n and gas
p r o d u c t i o n . D e n m a r k  i s  e n e r g e t i c a l l y  d e v e l o p i n g  h e a t  p u m p s .
Korea i s  i n v e s t i g a t i n g d i s t r i c t  h e a t i n g  u s i n g  w a s t e  h e a t  f r o m
powerplants. L i b y a  a n d  o t h e r  d e s e r t  n a t i o n s  a r e  i n t e r e s t e d  i n
cogenerating  e l e c t r i c i t y  w i t h  p r o d u c t i o n  o f  f r e s h  w a t e r . Canada
conc ludes  that  i ts  o i l  sands  product ion  can be  improved  further
to  remain  compet i t ive in the petroleum market. Augmenting its
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Aviation Fuel Conservation

T h e  F A A  O f f i c e  o f  E n v i r o n m e n t  a n d  E n e r g y  p l a n s  t o  h o l d  a
symposium on aviation energy conservation in early Spring,  1984.

C h a p t e r  11 o f  t h e  Jmpact report  conta ins  a  bas ic  account  o f  fue l
conservat ion  in  aviat ion , inc luding  the  contr ibut ions  which  have
been made and addit ional  contr ibut ions  which  may be  made with
future developments and systems. Most  o f  the  opt ions  presented
there have now been pursued vigorously. Aircraf t  operators  have
a v a i l a b l e  a v a r i e t y  o f suggestions and avenues f o r t h e i r
cons iderat ion . R e m a i n i n g  o p p o r t u n i t i e s  f o r  f u e l  s a v i n g s  l i e  i n
two main areas, a i r  t r a f f i c  c o n t r o l  a n d  p u r c h a s e  o f  n e w ,  m o r e
f u e l - e f f i c i e n t  a i r c r a f t .

The new, automated ATC system has now gained the strong support
from Congress that it  needs to assure development. One element
of that system is improved aviation wind information. But this
i n f o r m a t i o n  w i l l  n o t  b e  s c h e d u l e d  i n t o  t h e  ATC s y s t e m  f o r  a t
l e a s t  s i x  t o  e i g h t  y e a r s . I n  t h e  m e a n t i m e ,  a i r l i n e s  s h o u l d
investigate how they may improve wind data for f l ight planning at
an ear l ier  t ime.

It appears that fuel saved by improving wind data should cost at
l e a s t  5-15 t i m e s  l e s s  t h a n  t h e  s a m e  a m o u n t  o f  f u e l  s a v e d  b y
buying new, more f u e l - e f f i c i e n t  e n g i n e s  o r  a i r c r a f t . Equally
important, i m p r o v e d  w i n d  d a t a  w i l l  b e n e f i t  a l l  a i r c r a f t  u s i n g
improved f l ight  p lans  and/or  the  ATC sysytem,xile new aircraf t
only  benef i t  those  whocan a f ford  them.

Aviation Weather and ATC

It was shown in Im_pact  that some 12.5% o f  a i r c r a f t  f u e l  c o n s u m e d
i n  t h e  U n i t e d  S t a t e s  t o d a y  m a y  b e  s a v e d  w i t h  n e w  a i r  t r a f f i c
control  equipment a n d  t h e  A u t o m a t e d  A i r  T r a f f i c  C o n t r o l  (ATC)
System which it  will  provide.

A b o u t  3% o f  a n n u a l  U . S .  a i r l i n e  f u e l ,  w h i c h  i s  i n c l u d e d  i n  t h e
12.5% e s t i m a t e  c i t e d  a b o v e , c o u l d  b e  s a v e d  b y  i m p r o v i n g  o u r
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n e c e s s a r i l y  s i m i l a r  a n d ,  p a r t i c u l a r l y , t h a t  c r u i s e  r a n g e s  o v e r
the U.S. a r e  s h o r t e r  t h a n  o v e r  t h e  o c e a n ;  t h e r e f o r e  t h e  e f f e c t s
o f  adverse  winds  should  be  less . Another comment has been that
winds aloft may be known better over the U.S. than over the North
A t l a n t i c ; t h e  o p p o r t u n i t y  f o r  i m p r o v e m e n t  i s  t h e r e f o r e  l e s s  o n
domest i c  routes . P e n a l t i e s  f o r  n o r t h - s o u t h  t r a f f i c  m a y  b e  l e s s
t h a n  f o r  e a s t - w e s t  t r a f f i c .

The argument may be academic. W h i l e  w i n d s  o v e r  t h e  U . S .  a r e
m e a s u r e d  b y  rawinsonde b a l l o o n s ,  t h e i r  r e a d i n g s  a r e  t a k e n  o n l y
twice a day. Balloon ascensions may require nearly two hours to
r e a c h  a l t i t u d e , b a l l o o n s  d r i f t  i n  w i n d s  s o  t h a t  c o n s i s t e n t
spatial r e p o r t i n g  i s  d i f f i c u l t ,  w h i l e  s l a n t  r a n g e s  f r o m  t h e
launch s i te  become large and bal loon  a l t i tudes  may be  reported
i n a c c u r a t e l y . A f t e r  t h e  d a t a  a r e  t r a n s m i t t e d ,  c o l l a t e d  a n d
resolved into a "nowcast" consistent with balanced meteorological
p r i n c i p l e s , t h e  r e s u l t s  a r e  6-8 h o u r s  o l d . A d d i t i o n a l  t i m e  i s
r e q u i r e d  t o  d e v e l o p  t h e  v a r i o u s forecasts  and transmit  them to
users . The  net  resul t  i s  that  forecasts  are  o f ten  severa l  hours
o l d . Sometimes a f l ight plan may be based on forecasts that are
24 hours old,  or  more.

W h i l e  t h e  N o r t h  A t l a n t i c  i s  n o t  c o v e r e d  b y  a  s u r f a c e  w e a t h e r
o b s e r v a t i o n  n e t w o r k  c o m p a r a b l e  t o  t h a t  o f  t h e  U . S . ,  a i r c r a f t
f l y i n g those routes t y p i c a l l y are equipped with i n e r t i a l
navigation systems (INS), which can report winds accurately. The
300-million g a l l o n f u e l estimate was derived from 20,000
INS-equipped fl ights made over the North Atlantic. Few aircraf t
f ly ing  domest ic  routes  are  INS-equipped because  o f  the  ex is t ing
ground-based navigat ion system. C o n s e q u e n t l y ,  i t  i s t r u l y
debatable which area enjoys the better (or the worse) winds-aloft
information.

But, in  e i ther  case , the 300 mill ion gallons lost was computed on
t h e  b a s i s  o f  d i r e c t  w i n d s - a l o f t  v e c t o r i a l  e f f e c t s  o n  c r u i s e  t i m e
a l o n e . T h e  e f f e c t s  o f  u n k n o w n  o r  a d v e r s e  w i n d s  o n  a i r c r a f t
c l i m b s  a n d  d e s c e n t s  w e r e  n o t  i n c l u d e d . Much more important,
b e c a u s e  t h e  ATC s y s t e m a l s o  d o e s  n o t  h a v e  g o o d  w i n d  d a t a ,
a i r c r a f t  a r e  o f t e n  u n n e c e s s a r i l y  d i v e r t e d  o r  d e l a y e d  d u e  t o
adverse weather which no longer exists,  or has moved in location.
Due to this problem of uncertainty, ATC is  general ly  conservat ive
i n  b l o c k i n g  o u t  f l i g h t  a r e a s  t o  b e  a v o i d e d . S t i l l , o c c a s i o n a l l y
f l ights  are  vectored  into  unexpected  adverse  weather  condi t ions ,
so that  ad  hoc  complaints  by  crews  require  ATC to  quickly  rev ise
the ir  operat ing  patterns . These interruptions and rearrangements
can lead to diversions and delays with much more serious effects
on fuel economy.

L a s t l y , t h e  $300 m i l l i o n  e s t i m a t e d  i s  i d e n t i f i e d  o n l y  a s  t h e
d i r e c t  c o s t  o f  e x c e s s  a i r l i n e  f u e l  b u r n e d ;  c r i t i c s  o f  t h e  $300
m i l l i o n  f i g u r e  t h e i r  e s t i m a t e s  o n  t h e  s a m e  b a s i s . But, from a
nat ional  v iewpoint , f u e l  c o s t s  o f  n o n - a i r l i n e  a v i a t i o n  d e s e r v e
e q u a l  c o n s i d e r a t i o n . F u r t h e r , t o t a l  c o s t s  t o  t h e  a i r l i n e s
( d e l a y s , m i s s e d  c o n n e c t i o n s , e t c . )  c o n s i d e r a b l y  e x c e e d  t h e i r
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The Instrument Landing System (ILS) will be supplemented and then
replaced by the Microwave Landing System (MLS). ( T h e  MLS w i l l
save  fue l  in  approach patterns  and a irport  traf f i c  capac i ty ) .

A i r p o r t  i m p r o v e m e n t s  w i l l  c o n t i n u e ,  w i t h  e m p h a s i s  o n  h i g h e r
a i r p o r t  t r a f f i c  c a p a c i t y .

"Automated and semi-automated weather observation systems will
a s s i s t p e r s o n n e l  i n  m a k i n g weather o b s e r v a t i o n s  a t manned
f a c i l i t i e s and w i l l provide observat ions from unmanned
f a c i l i t i e s . "

P i l o t s  w i l l  h a v e  d i r e c t  a c c e s s  t o  r e a l - t i m e  w e a t h e r  t h r o u g h  t h e
Automated Flight Service Station System.

Existing ATC control  display systems will  be replaced with modern
re l iable  systems capable  o f  h igher  automat ion  leve ls .

Terminal automation systems will be upgraded.

In the Automated Fl ight Serv ice Stat ions , the q u a l i t y  a n d
ef f i c iency  o f  in formation  wi l l  be  improved.

ATC management will  be modernized with high integration between
nat ional  and terminal  traf f i c  f lows .

A  g r o u n d - b a s e d  T r a f f i c  A l e r t  a n d  C o l l i s i o n  A v o i d a n c e  S y s t e m
(TCAS) w i l l  i n c l u d e  a  l o w - c o s t  v e r s i o n  f o r  g e n e r a l  a v i a t i o n
warning a l e r t s ,  a s w e l l  a s f u l l c o l l i s i o n avoidance with
instructions for evasive maneuvers ,  p r i m a r i l y  f o r  a i r l i n e  u s e r s .

En route primary radar will be phased out in year 2000. Terminal
radar with a weather channel will be continued.

Improved weather services for the ATC system will  be provided by
a new radar. (This is  the NEXRAD system under joint development
by the NWS, FAA and DOD).

-O-

The major  fue l -saving accomplishment of  the new, Automated ATC
S y s t e m  w i l l  b e  f r o m  i t s  i n c r e a s e d  s y s t e m  c a p a c i t y ,  p r o d u c i n g
f e w e r  f l i g h t  d i v e r s i o n s  a n d  d e l a y s . I n  a d d i t i o n  t o  h a v i n g
improved weather  ( inc luding  winds-a lo f t )  rea l - t ime and forecast
d a t a  f o r  o p e r a t i o n  o f  t h e  ATC, a i r  c r e w s  w i l l  h a v e  d i r e c t  a c c e s s
to the same information. This  capabi l i ty  wi l l  improve  pre-flight
p l a n n i n g  -as w e l l a s  p r o v i d e f o r i n - f l i g h t a d j u s t m e n t s  a s
conditions change.

As would be expected, much of the NASP emphasis on weather data
improvements is  directed toward severe and hazardous weather to
improve safety, p a r t i c u l a r l y  i n  a i r p o r t  t e r m i n a l  a r e a s . At the
same time, a l l  w e a t h e r  d a t a  n e e d e d  t o  r e d u c e  d e l a y s  a n d  f u e l
consumption are formally recognized and included in the plan.
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The concern about fuel consumption expressed in many quarters and
repeated and emphasized in the Impact report has now been fully
accepted . The winds-aloft  requirement has been formally defined,
approved through the chain of command, and accepted as a discrete
d e v e l o p m e n t  t a s k  s h e e t  i n  t h e  NASP p l a n n i n g  d o c u m e n t . I t  i s
t h e r e f o r e  a u t o m a t i c a l l y  i n c l u d e d  i n  a l l  p l a n n i n g  a n d  b u d g e t a r y
e x e r c i s e s  t h r o u g h o u t  t h e  l i f e  o f  t h e  p a r e n t  A u t o m a t e d  ATC p l a n .
Concerns  for  ATC fue l  conservat ion  there fore  are  now conf ined  to
assur ing  that  the  wind port ion  o f  the  weather  program stays  on
track , and acce lerat ing  the  t ime o f  i t s  e f fect iveness  as  much as
p o s s i b l e .

FAA 

FAA's  draf t  weather  p lan was  presented  to  the  publ i c  on  August
18, 1983. Since  that  t ime, comments have been received and the
plan has  been in  modi f i cat ion . The  completed  i ssue  o f  the  p lan
is  expected  to  be  re leased  be fore  the  end  o f  1983.

The  FAA weather  p lan  now fu l ly  recognizes ,  accepts  and inc ludes
t h e  n e e d  f o r  i m p r o v e d  w i n d s  a l o f t  i n f o r m a t i o n  f o r  f u e l - e f f i c i e n t
f l i g h t  p l a n n i n g  a n d  f l i g h t  o p e r a t i o n s . I t  a l s o  p r o v i d e s  a l l  t h e
requirement  de f in i t ions , in frastructure  and other  deta i l s  needed
f o r c o l l e c t i n g , process ing , f o r e c a s t i n g , updating, and
communicating the required weather information.

S p e c i f i c a l l y , the  weather  p lan establ ishes  that  winds  a lo f t  data
a r e  r e q u i r e d  b y  1992 f o r  t h e  A u t o m a t e d  Enroute A i r  T r a f f i c
C o n t r o l  (AERA) s u b s y s t e m  o f  t h e  ATC, a n d  i s  i n c l u d e d  i n  t h e
f o r m a l  r e q u i r e m e n t s  f o r  AERA. Nei ther  the  NASP, the  Automated
ATC, n o r  t h e  A v i a t i o n  W e a t h e r  p l a n  o f f i c i a l l y  p r o n o u n c e s  a n y
requirement for improved u p p e r - a i r  w i n d  d a t a  e a r l i e r than the
1992 d a t e  e s t a b l i s h e d  f o r  AERA.

U n o f f i c i a l l y ,  h o w e v e r , t h e  N a t i o n a l  W e a t h e r  S e r v i c e  (NWS) h a s
a c c e p t e d  t h e  n e e d  f o r  b e t t e r  w i n d s - a l o f t  d a t a  a n d  h a s  p l a n s  i n
process  which  may br ing  about  s igni f i cant  improvements  by  1988.
There is  one early experimental, demonstration program which will
a d d r e s s  t h i s  s u b j e c t  d i r e c t l y ,  o n  a  p a r t i a l  b a s i s . T h i s  i s  t h e
NASA/NWS MERIT project.

;ctiveTechniquesMinimum Ener

NASA's  MERIT pro ject  was  conce ived  by  Robert  Ste inberg  o f  the
NASA Lewis Research Center in Cleveland, who made the original
s t u d y  o f  w i n d s - a l o f t  e f f e c t s  o n  f u e l  c o n s u m p t i o n  o v e r  t h e  N o r t h
A t l a n t i c . F o r  t h e  p a s t  t w o  y e a r s , h e  h a s  b e e n  l o c a t e d  a t  t h e
NWS E n v i r o n m e n t a l  R e s e a r c h  L a b o r a t o r y  i n  B o u l d e r ,  C o l o r a d o  t o
manage the MERIT program under joint NASA/NWS sponsorship.

MERIT uses  interact ive  graphics  computer  techniques  for  making
indiv idual  entr ies  into  and provid ing  immediate  rev ised  weather
status reports from a complete national weather model. The model
p r o v i d e s  b o t h  a  r e b a l a n c e d  n a t i o n a l  nowcast a n d  f o r e c a s t s ,  a s
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d e s i r e d , on  the  bas is  o f  new informat ion . F o r  e x a m p l e ,  i t  c a n
provide a new, complete, b a l a n c e d  s e t  o f  n a t i o n a l  r e s u l t s  a f t e r
entry of  only one new wind vector from a single location.

MERIT 's  purpose  i s  large ly  to  make  use  o f  p i lo t  reports  (pireps)
f r o m  c o o p e r a t i n g  a i r l i n e s , many of  which can be provided now by
automatic in-fl ight observations and data transmission. During a
t h r e e - m o n t h  t r i a l  p e r i o d  s t a r t i n g  t h e  f i r s t  o f  1984, MERIT  wi l l
o p e r a t e  a t irregular i n t e r v a l s  t o incorporate the weather
i n f o r m a t i o n  a v a i l a b l e  a n d  a s s e s s  t h e  e f f e c t s  o n  a i r l i n e  f l i g h t
planning and fuel economy.

MERIT wi l l  s tart  each operat ional  day  essent ia l ly  with  the  bas ic
w e a t h e r  p i c t u r e  w h i c h  i s  n o w  p r o v i d e d  b y  t h e  NWS, b a s e d  u p o n
rawinsonde data. B u t ,  a s i n f o r m a t i o n  i s rece ived from
p a r t i c i p a t i n g a i r l i n e f l i g h t s , MERIT w i l l c o n t i n u o u s l y  o r
frequent ly  provide  new, b a l a n c e d  nowcasts a n d  f o r e c a s t s . These
airline pirep reports will  be supplemented by automated data from
f o u r  NWS v e r t i c a l - l o o k i n g ,  p r o t o t y p e  doppler r a d a r s  w h i c h  w i l l
continuously measure wind p r o f i l e s  u p through j e t c r u i s e
altitudes from ground stations in Colorado.

These  radars  provide  very  valuable  inputs  by  provid ing  complete
w i n d  p r o f i l e s , a s  c o n t r a s t e d  t o  w i n d s  a t  s i n g l e  a l t i t u d e s ,  l i k e
t h e  p a r t i c i p a t i n g  a i r l i n e  f l i g h t s . F u r t h e r , t h e  r a d a r s  b e
operated cont inuously , and t h e i r i n p u t s  a r e  p l a n n e d  t o  b e
i n c o r p o r a t e d  e s s e n t i a l l y  a t  h a l f - h o u r  i n t e r v a l s . The  resul t ing
M E R I T  nowcasts a n d  f o r e c a s t s  w i l l  b e  u s e d  b y  t h e  p a r t i c i p a t i n g
a i r l i n e s and Aeronautical Radio I n c . (ARINC, t h e  a i r l i n e s '
cooperative communication network) and the FAA Denver Air Route
T r a f f i c Control Center (ARTCC). As may be seen, i t s
e f f e c t i v e n e s s  w i l l  b e  l i m i t e d  b y  t h e  n u m b e r  o f  r a d a r s  a n d  t h e
number  o f  pirep a ircraf t  in  the  test .

T h e r e  a r e  a p p r o x i m a t e l y  70 rawinsonde s t a t i o n s  i n  t h e  U . S .
C o n s i s t e n t  w i t h  NWS a n a l y s i s  a n d  f o r e c a s t  m e t h o d s ,  n a t i o n a l
nowcasts a n d  f o r e c a s t s  a r e  p r e d i c a t e d  o n  a  m a c r o s c a l e  g r i d  w i t h
nodes  at  essent ia l ly  1500 km,  about  a  hundred  mi les . T h i s  NWS
s y s t e m  p r e s e n t s  a  w e a t h e r  p i c t u r e  w h i c h  i s  s a t i s f a c t o r y  f o r
national surface weather purposes, ' particularly when supplemented
b y  l i v e  g r o u n d  o b s e r v a t i o n  s t a t i o n s . . But weather phenomena
p e r t i n e n t  t o a i r c r a f t operat ion , s u c h  a s the j e t stream,
t h u n d e r s t o r m s ,  i c i n g ,  c l o u d s ,  f o g ,  e t c .  o c c u r  a t  t h e  mesoscale
l e v e l , i n  t e r m s  o f  t e n s  o f  kms, a  f e w  m i l e s . Whereas  the
macroscale weather reports and forecasts can indicate the general
l i k e l i h o o d  o f weather condit ions i m p o r t a n t  t o a v i a t i o n ,  a
macrosca le  system cannot  g ive  d iscrete informat ion  important  to
a v i a t i o n . Further, u n t i l  t h e  NWS c a n  c o l l e c t  d a t a  c o n s i s t e n t
w i t h  mesoscale  o p e r a t i o n s , f o r e c a s t s  m a d e  o n  a  f i n e r  g r i d ,  b u t
from mesoscale observed data, would  o f fer  l i t t le  improvement .

The MERIT model is constructed and operates on the mesoscale,  not
o n l y  t o  p r o v i d e  t h e  d e t a i l  o f  o u t p u t  d e s i r e d ,  b u t  a l s o  t o  r e t a i n
t h e  mesoscale  d e t a i l  o f  r e p o r t s  i t  w i l l  r e c e i v e  f r o m  b o t h  pireps
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and the  Colorado  pro f i ler  radars . MERIT is built upon the same
m a c r o s c a l e  b a s i c  NWS n a t i o n a l  w e a t h e r  p i c t u r e , b u t  a d d s  l o c a l
e n h a n c e m e n t s  f r o m  t h e  e x t r a  i n p u t s  i t  r e c e i v e s ,  l a r g e l y  f r o m
pireps, b u t  a l s o  f r o m  t h e  l o c a l  r a d a r s  a n d  f r o m  s a t e l l i t e s .  A s
m e n t i o n e d  a b o v e , M E R I T  c a n  r e s p o n d  t o  a n y  s i n g l e  n e w  i n p u t ,
inserted anywhere into the national grid.

A f t e r  i t s  o p e r a t i o n  s c h e d u l e d  f o r  t h r e e  m o n t h s ,  t h e  r e s u l t s  o f
M E R I T  w i l l  b e  e v a l u a t e d ,  b u t  t h e  s y s t e m  i s  n o t  s c h e d u l e d  t o
r e m a i n  i n  o p e r a t i o n . NASA may devise  p lans  for  a  cont inuing
system or from an improved system growing out of MERIT. B u t  i t
i s  not  within  the ir  miss ion , nor would NASA intend to implement a
system operating after MERIT.

T h e  NWS i s ,  o f  c o u r s e , int imate ly  involved  in  the  ent ire  MERIT
process and not only supplies, but  developed the  vert i ca l - looking
profiler radars which MERIT will  use. NWS w o u l d  l i k e  t o  r e p l a c e
t h e i r  rawinsonde o b s e r v a t i o n s  w i t h  p r o f i l e r  r a d a r s  o r  o t h e r
modern equipment. W h i l e  t h e  n u m b e r  o f  o b s e r v a t i o n  l o c a t i o n s
w o u l d  n o t  n e c e s s a r i l y  b e  t h e  s a m e  a s f o r  rawinsondes, n e i t h e r
would they be as numerous as the difference between a macroscale
a n d  a  mesoscale  g r i d . T h e i r  f r e q u e n t - r e c o r d i n g  c a p a b i l i t y  i s
only one asset which permits t h e m  t o f u l f i l l mesoscale
r e q u i r e m e n t s  s m a l l e r , r e a s o n a b l e  n u m b e r s  o f  s t a t i o n s . In a
modernized system, M E R I T ' s  c a p a b i l i t y  f o r  u s i n g  pireps m a y  b e
reta ined. Both NASA and NWS studies indicate that a new network
o f  r a d a r  p r o f i l e r s  o r  c o m p a r a b l e  i n s t r u m e n t s ,  w o u l d  b e  m u c h
c h e a p e r  t o  o p e r a t e  t h a n  t h e  rawinsondes; t h e i r  c a p i t a l  c o s t s
would be returned in a very few years.

U n o f f i c i a l l y , it  appears now that with present commitments and
w i t h i n  b u d g e t a r y  p r i o r i t i e s , the NWS may be able to improve this
weather  observat ion  s i tuat ion  start ing  in  about  1988.

I f  a i r l i n e s  o r  o t h e r s  a r e  i n t e r e s t e d  i n  p u r s u i n g  t h e  p o s s i b i l i t y
o f  c o n t i n u i n g  a n  e f f o r t  s i m i l a r  t o  M E R I T ,  o r  b u i l d  u p o n  i t  t o
b r i d g e  t h e  g a p  u n t i l  1988 o r  1992, they should follow the MERIT
o p e r a t i o n  c l o s e l y .

Aircraft;

In Chapter 11, the  Impact report  inc luded  a  rather  complete ,  but
general  out l ine  o f  the  potent ia l  for  improving  transport  a ircraf t
f u e l  e f f i c i e n c y  f o r  t h e  n e x t  o n e  t o  t w o  g e n e r a t i o n s ,  t o  y e a r
2000. T h e  f i r s t  o f  t h e s e  n e w  g e n e r a t i o n s ,  t h e  B o e i n g  767, i s
j u s t  c o m i n g  i n t o  s e r v i c e , p r o v i d i n g  f u e l  s a v i n g s  a s  h i g h  a s
30-40% o v e r  t h e  e q u i p m e n t  i t  w i l l  r e p l a c e . Both the McDonnell
Douglas DC9-80 and the Boeing 757 are not quite as completely new
as  the  B767, but  both  wi l l  real ize  fue l  savings  near ly  as  great .
A i r c r a f t  d e s i g n  t e a m s  e x p e c t  t h a t  s u b s e q u e n t  g e n e r a t i o n s  o f
a i r c r a f t  w i l l  c o n t i n u e  t o  p r o v i d e  c o m p a r a b l e  p e r c e n t a g e  s a v i n g s
in the remaining fuel required. They see no end of  potential  for
s a v i n g  a i r c r a f t  f u e l  i n  t h e  f u t u r e .
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apprec iably
A l s o  w i t h  i m p r o v e d  d r a g  a t  h i g h e r  l i f t  c o e f f i c i e n t s ,

a i r c r a f t  s h o u l d  b e  a b l e  t o  c r u i s e  a t  h i g h e r  a l t i t u d e ,  f o r  f u r t h e r
fuel economy.
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w i n g ' s  f l a p  o r  o f  t h e  a i r c r a f t ' s  f l i g h t  c o n t r o l  s y s t e m .

From f l i g h t t e s t s with c a r e f u l l y contoured s e c t i o n s  o n  a n
e x i s t i n g  w i n g  (Bellanca S k y r o c k e t ) ,  N A S A  f o u n d  a  w i n g  d r a g
r e d u c t i o n  o f  25%.
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improvement  in  the ir  spec i f i c  fue l  consumption  and 45% decrease
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obtained w i t h  a n advanced turboprop bY improving var ious
component e f f i c i e n c i e s , s u c h  a s  m o r e  e f f i c i e n t  c o m b u s t i o n  a n d
turbocompounding. Some advanced cycles w h i c h  u s e  a  s t r a t i f i e d
c h a r g e  w o u l d  a l s o  b e  a b l e  t o  o p e r a t e  w i t h  broader-spec f u e l s .
Advanced  coo l ing  methods  can  reduce  engine  losses  and,  through
smal ler  coo l ing-a ir  requirements , a lso  reduce  a ircraf t  drag .

Engine weight  may be  reduced  by  more
i n t e r n a l  p r e s s u r e s ,  h i g h e r  RPMs,

turbocompounding, higher
and advanced materials such as

titanium. Composite materials may be used in some applications,
w h i l e  t h e r e  i s  a l s o  o p p o r t u n i t y  f o r  r e d u c i n g  i n t e r n a l  e n g i n e
f r i c t i o n .
decrease

L i g h t e r  e n g i n e s  w i l l  r e d u c e  i n s t a l l a t i o n  d r a g  a n d
the o v e r a l l a i r c r a f t weight, f o r e i t h e r b e t t e r

performance, reduced fuel  consumption,  or some of  both.

NASA notes t h a t  c o n v e n t i o n a l r iveted s k i n - s t r i n g e r aluminum
a i r c r a f t  s t r u c t u r e  h a s  b e e n  s o  h i g h l y  d e v e l o p e d  t h a t  i t  i s
d i f f i c u l t  t o  i n t r o d u c e  n e w  a i r c r a f t  m a t e r i a l s  o r  f a b r i c a t i o n
processes . Investment in manufacturing tools and equipment also
c o n t r i b u t e s  t o  t h e  p r o b l e m s  a n d  c o s t s  o f  m a k i n g  c h a n g e s . But
t h e r e  i s  r e a l  o p p o r t u n i t y  f o r  f u e l  s a v i n g s  o f  4-17%, w e i g h t
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r e d u c t i o n s  o f  10-20%, i n i t i a l  c o s t  r e d u c t i o n s  o f  4-16%, a n d
direct  operat ing  cost  savings  o f  S-15% by  us ing  bonded structures
and other new techniques. These designs can also provide reduced
maintenance and probably improved crash safety.

NASA emphasizes  that  the  potent ia l  weight  reduct ions  o f fered  by
improved powerplants or s t r u c t u r e s  s h o u l d  b e  v a l u a b l e . F o r  a
19-passenger commuter a i r c r a f t  o n  a  100-mile f l i g h t ,  a  10%
r e d u c t i o n  i n  e m p t y  w e i g h t  t r a n s l a t e s  t o  a  7% r e d u c t i o n  i n  g r o s s
weight and a 6% reduction in required engine power and wing area.
T h i s  p r o d u c e s a  5% d e c r e a s e  i n  b l o c k  f u e l  u s e d  a n d  a  6.5%
d e c r e a s e  i n  d i r e c t  o p e r a t i n g  c o s t .  S o , saving  one  pound o f  the
aircraf t  empty  weight  (0.01% of  empty  weight )  would  save  $87 in
a i r c r a f t  o p e r a t i n g  c o s t  o v e r  o n e  y e a r  o r  $1300 p e r  a i r c r a f t  o v e r
a  IS-year  per iod .

N A S A  p o i n t s  o u t  t h a t  t h e  Learfan 2100 a n d  t h e  n e w  AVTEK 400,
a  compet i t ive  des ign which wi l l  f ly  in  1984, are  examples  o f  new
c o m p o s i t e - s t r u c t u r e  d e s i g n  p o t e n t i a l ;  w i n g ,  f u s e l a g e ,  t a i l  a n d
contro l  sur faces  are  a l l  graphite /epoxy . The Cessna Citation III
u s e s  g r a p h i t e / e p o x y  a n d  Kevlar/epoxy  f o r  s t r u c t u r e s  w h i c h  a r e
c r i t i c a l  i n  w e i g h t  o r  s t i f f n e s s . G a t e s  Learjet i s  c o n s i d e r i n g
using composite structure technology to reduce wing weight on the
Longhorn 55.

NASA a l s o notes that small transport a i r c r a f t systems,
p a r t i c u l a r l y the a v i o n i c s ,  o r communication and navigat ion
equipment, c a n  b e  i m p r o v e d  i n  r e l i a b i l i t y  a n d  w e i g h t . A i r c r a f t
c o n t r o l systems c o u l d  b e improved with f l y - b y - w i r e  o r
f l y - b y - l i g h t  d e s i g n , although industry is reluctant to move away
from mechanical /cable systems. With improved f l i g h t  c o n t r o l s ,
av ionics  and i c ing  protect ion  systems, NASA expects the potential
fue l  savings  could  be  10-15%, f o r  DOC s a v i n g s  o f  6-10%.

This NASA brochure goes o n  t o  o u t l i n e  t e c h n o l o g y  d e v e l o p m e n t s
n e e d e d  t o  o b t a i n  a l l  t h e s e  v a r i o u s ,  i m p r o v e m e n t s . I t  a l s o
proposes  the  genera l  research  program w h i c h  w i l l  b e  r e q u i r e d .
NASA is  concerned  that  a ircra f t  for  commuter  serv ice  do  not  use
t h e  m o d e r n  technolocjy o f  t o d a y ' s  m a j o r  a i r l i n e  a i r c r a f t ,  w h i l e
near ly  a l l  commuter  equipment  with  passenger  capac i t ies  over  20
are manufactured abroad, although using U.S.-manufactured
engines.
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CHAPTER 9

Fuel  Emergenci.es

Probabi l i ty  o f  Disrupt ion

As  reported  in  the  Impact  report , a n  i n f o r m a l  .poll o f  s o m e  t e n
f o r e i g n - a f f a i r s  a n a l y s t s i n  t h e  s u m m e r  o f  1982 c o n c l u d e d  t h a t
t h e y  a l l  a g r e e d t h e  p r o b a b i l i t y  o f  a  s e r i o u s  d i s r u p t i o n  i n
f r e e - w o r l d  c r u d e  o i l  d e l i v e r i e s  w a s  a b o u t  o n e  i n  f i v e  y e a r s ,  o r
a t  l e a s t  t w o  o r  m o r e i n  a n y  t e n - y e a r  p e r i o d , t h r o u g h  t h e
r e m a i n d e r  o f  t h i s  c e n t u r y . However, the  Georgetown Center  o f
S t r a t e g i c  a n d  I n t e r n a t i o n a l  S t u d i e s  (CSIS) h a s  o b s e r v e d that ,
w h i l e  t h e y  a g r e e  w i t h  t h i s  o p i n i o n ,  t h e y  a r e  c e r t a i n  i t  i s  n o t
unanimous among the community of foreign-affairs analysts.

FAA asked CSIS to convene a forum of some thirty or so recognized
a n a l y s t s  i n  t h i s  f i e l d , a  f a i r  r e p r e s e n t a t i o n  o f  a l l  o p i n i o n s
l i k e l y  t o  h a v e  b e e n  d e v e l o p e d  o n  t h e  s u b j e c t ,  f o r  a n  a c t i v e
d i s c u s s i o n  a n d  r e p o r t i n g  o f  b o t h  t h e  r a n g e  o f  o p i n i o n  ( o n  t h e
p r o b a b i l i t y  o f  a  d i s r u p t i o n ) a n d  t h e  d i s t r i b u t i o n  o f  o p i n i o n .
A f t e r  CSIS h a d  b e g u n  a c t i v e  p l a n n i n g  f o r  t h e  m e e t i n g  i n  J u l y ,
1983, FAA was  unable  to  s ign  the  contract  i t  had proposed  ear ly
e n o u g h  t o  p e r m i t t h e  c o n f e r e n c e  t o  b e  h e l d  a t  t h a t  t i m e .
Fortunately, the Department of Defense, through the Defense Fuels
Supply Center, has made the contract with CSIS and the forum will
be held on November 10, 1983.

F a c e d  w i t h  t h e  d e c i s i o n  n o w  w h e t h e r  t o  d e l a y  t h i s  r e p o r t  u n t i l
t h o s e  r e s u l t s  a r e  a v a i l a b l e , i t  i s  conc luded that  other  mater ia l
i n  t h i s  r e p o r t  s h o u l d  b e  m a d e  a v a i l a b l e  w i t h o u t  f u r t h e r  d e l a y .
I t  i s  w i t h  r e g r e t ,  t h e r e f o r e , t h a t  t h i s  c h a p t e r  g o e s  t o  p r e s s
incomplete and with such an early prospect for its most valuable
input. I t  i s  h o p e d  t h a t  a  p r e l i m i n a r y  i n d i c a t i o n  o f  t h e  CSIS
meeting may be inserted in Chapter 1, SUMMARY.

In the meantime since the Impact report,  while there has been no
d i s r u p t i o n , t h e  t h r e a t  h a s  c e r t a i n l y  n o t  s u b s i d e d . A l l  t h e
i n t e r n a l  s t r i f e s  a n d  r i s k s  a m o n g  t h e  A r a b  s t a t e s  a n d  b e t w e e n
Is lamic  sects  appear  to  have  remained  as  vo lat i le ,  perhaps  more
stra ined  due  to  further , unreso lved  extrapolat ion .

The Iran-Iraq war shows no signs of  conclusion,  while delivery of
French Super Entendard bombers to Iraq has sharpened the conflict
t o  n e a r l y  a  s t a g e  o f  c r i s i s . The Ayatollah Khomeini threatens to
r e t a l i a t e  f o r  a n y  Entendard s t r i k e  a g a i n s t  o i l  i n s t a l l a t i o n s  o r
o t h e r  I r a n i a n  i n t e r e s t s  b y  s h u t t i n g  o f f  t h e  S t r a i t  o f  Hormuz t o
a l l  o i l  t r a f f i c . Don Oberdorfer reports in The Washington Post
o f  O c t o b e r  9, 1983, "Iraq to Use French Jets in Gulf  War." "The
I r a q i  d e c i s i o n  t o  c h a n g e  t h e  t e m p o  a n d  d i r e c t i o n  o f  t h e  w a r ,
b e l i e v e d  t o have been m a d e  i n Baghdad l a s t summer, was
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t r a n s m i t t e d  t o  W a s h i n g t o n  o f f i c i a l s  i n  c l e a r  a n d  f o r c e f u l  t e r m s
in recent weeks, according to State Department sources."

"Al l  the  analysts  contacted  agreed  that  the  real  impact  o f  a  new
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f u t u r e  r e v i e w  t h e  e f f e c t  o f  o i l  d i s r u p t i o n s  o n  t h e  U . S .  e c o n o m y
and aviation.

U . S .  Ener[ d e  0s

T h e  U n i t e d  S t a t e s  i s  o n e  o f  21 m e m b e r s  i n  T h e  I n t e r n a t i o n a l
Energy Agency (IEA), w h i c h  i s  a f f i l i a t e d  w i t h  t h e  O r g a n i z a t i o n
for Economic Cooperation and Development (OECD), in turn, related
t o  N A T O  ( N o r t h  A t l a n t i c  T r e a t y  O r g a n i z a t i o n ) . Other members
inc lude : Australia,  Austria,  Belgium, Canada, Denmark, Germany,
Greece, Ireland, Japan, Luxembourg, the Netherlands, New Zealand,
Norway, Portugal, S p a i n ,  S w e d e n ,  ,Switzerland,  T u r k e y ,  -and t h e
United Kingdom; although IEA headquarters are in Paris,  France is
c o n s p i c u o u s  b y  i t s  a b s e n c e . W h i l e  a g r e e m e n t s  u n d e r  t h e  IEA
o f f i c i a l l y  a r e  b i n d i n g  a s  i n t e r n a t i o n a l  t r e a t i e s ,  t h e r e  h a s  b e e n
some debate  as  to  how var ious  members ,  inc luding  the  U.S . ,  wi l l
respond in  the  event  o f  an  actual  o i l  c r is is .

Some believe that both the U.S. and other  countr ies  are  l ike ly  to
a c t  i n  t h e i r  b e s t  s e p a r a t e  e c o n o m i c  i n t e r e s t s  a t  t h e  t i m e .
O t h e r s  p o i n t  o u t  t h a t ,  r e a l i s t i c a l l y ,  t h e  U . S .  a n d  t h e  o t h e r
nations already have strong enough economic dependency so that it
i s  n o t  p r u d e n t f o r  c o u n t r i e s  t o  a c t  u n i l a t e r a l l y . Uni lateral
a c t i o n  w o u l d  n o t  o n l y  d e p r i v e i m p o r t a n t  p a r t s  o f  t h e  j o i n t
e c o n o m y ,  b u t  w o u l d  p r e c i p i t a t e  a  c h a o t i c  p r i c e  s i t u a t i o n  w h i c h
would injure'all members. P e r h a p s  i t  i s  s a f e  t o  c o n c l u d e  t h a t
t h e  co'urse w i l l  n o t  b e  c l e a r l y  s e t  i n  a n y  d i r e c t i o n . I n  f a c t ,
t h e  d e b a t e  a s  t o  w h a t  i s  h a p p e n i n g  a n d  w h a t  d i d  h a p p e n  m a y
cont inue  dur ing  and af ter  a  cr is is .

W h e n  a d m i n i s t r a t i v e  m a c h i n e r y  h a s  b e e n  s e t  i n  p l a c e  a h e a d  o f
time, however, there  i s  s trong  l ike l ihood  that  the  machinery  wi l l
b e g i n  t o  o p e r a t e  i n  a c c o r d a n c e  w i t h  e s t a b l i s h e d  p o l i c i e s  a n d
procedures unless intent ional countermeasures are introduced
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during the response process. I f  t h i s  p r e m i s e  i s  a c c e p t e d ,  t h e r e
are sti l l  two major questions remaining about response to the IEA
t r e a t y . F i r s t , will  the emergency be declared and recognized by
IEA a n d  i t s  i n d i v i d u a l  m e m b e r s ;  w i l l  t h e  U . S .  d e c l a r e  t h e  IEA
agreement is  invoked as soon as advised by IEA? Second, how can
the  U.S .  pursue i t s  d o m e s t i c  p o l i c y  o f  a f r e e , governmentally
uncontrolled energy market and, at the same time, comply with IEA
allocation agreements?

S o m e  i n d i c a t i o n s  t o w a r d  a n s w e r s  t o  t h e s e  q u e s t i o n s  h a v e  b e e n
g e n e r a t e d  d u r i n g  a  r e c e n t  IEA e x e r c i s e , but many more questions
appear to have been raised during the process than have been laid
t o  r e s t . T h i s  e x e r c i s e  w a s  IEA's A l l o c a t i o n  S y s t e m  T e s t  F o u r ,
AST-4.

The  IEA AST-4 Exerc ise

I n  t h e  p a s t , IEA h a s  h e l d  t h r e e  A l l o c a t i o n  S y s t e m  T e s t s ,  AST-3
h a v i n g  b e e n  h e l d  i n  O c t o b e r  a n d  N o v e m b e r  o f  1980. P r i o r  t o
AST-4, however, t h e s e  t e s t s  h a v e  b e e n  l a r g e l y  t e s t s  o f  c o n t a c t s
a n d  c o m m u n i c a t i o n s  w i t h i n  t h e  IEA s t a f f  s t r u c t u r e  a n d  t h e i r
p r i m a r y  n a t i o n a l  c o u n t e r p a r t s . AST-4 w a s  e s t a b l i s h e d  a s  t h e
f i r s t  t e s t  i n  w h i c h  e a c h  n a t i o n  w a s  r e q u e s t e d  t o  a n a l y z e  i t s
energy and f u e l operat ions ( l a r g e l y petroleum supply and
r e f i n i n g )  d u r i n g  t h e  e x e r c i s e , and to  respond with  o i l  requests
a n d  s h a r i n g o f f e r s  t o  IEA f o r  c l e a r i n g among n a t i o n s . In
a d d i t i o n , i t  w o u l d  b e  t h e  f i r s t  t e s t  i n  w h i c h  o i l  p r i c e  r e s p o n s e
t o  t h e  e x e r c i s e  w o u l d  b e  t r a c k e d . F o r  t h o s e  o u t s i d e  t h e  IEA
o r g a n i z a t i o n a l network , it was the first real test of IEA
agreements.

According to DOE, " T h e  p r i m a r y  o b j e c t i v e  o f  AST-4 w a s  t o  t r a i n
IEA industry and government personnel in  the  implementat ion  o f
t h e  o i l  a l l o c a t i o n  s y s t e m  a n d  t o  a s s e s s  t h e  e f f e c t i v e n e s s  o f
national emergency management programs."

Planning and some preliminary communications preparations for the
test began in December,  1982. I t  i s  very  important  to  note  that
al l  nat ions  agreed  to  use  wor ld  o i l  data  f rom 1981, as  be ing  the
latest  which  had been complete ly  reported  and evaluated . The
e x e r c i s e  w o u l d  o f f i c i a l l y  b e g i n  w i t h  n o t i f i c a t i o n  a t  t h e  f i r s t  o f
May, 1983 f r o m  IEA, signalling t h a t  t h e  e x e r c i s e  w a s  i n  e f f e c t
a n d  a d v i s i n g  e a c h  c o u n t r y  a s t o  t h e  a m o u n t  o f  i t s  d e l i v e r y
curta i lment . The test  ran, twenty-four hours a day,  through the
months of May and June. Each country was expected to model its
internal energy supplies and demands, reso lve i t s  a c t i v i t y  i n
f u e l  s w i t c h i n g ,  a l l o c a t i o n s ,  r a t i o n i n g ,  o r  o t h e r  a c t i o n s .

A l s o  f o r  t h e  f i r s t  t i m e , AST-4 would  cons ider  the  mutual  e f fec ts
o f  p e t r o l e u m  w i t h  e l e c t r i c i t y ,  c o a l , and natural gas within each
c o u n t r y . Presumably, i f  t h e  t e s t  h a d  r u n  l o n g e r ,  c h a n g e s  i n
internat ional  shipments  o f  coa l  could  have  been evaluated . The
e x e r c i s e  w a s  c o n c l u d e d  a t  t h e  e n d  o f  J u n e  d u e  t o  IEA f u n d
l i m i t a t i o n s . During  the  test  per iod ,  however ,  i t  was  p lanned to
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while responses appeared to be fully logical  and reasonable.

U.S. internal  po l i cy  was  to  invoke  no  regulat ions ,  no  a l locat ion ,
and no  federal  act ion . The free market was not only to prevail ,
it  was to remain the sole basis for establishing trade agreements
and f lows  o f  suppl ies . T h e  p r i c e  o f  f u e l  w o u l d  f i n d  i t s  l e v e l  i n
accordance with unregulated market response. T h e  U . S .  d i d  n o t
propose  to  draw on  the  Strateg ic  Petro leum Reserve  (SPR) unless
required  by  some s e r i o u s  s u p p l y  d i s l o c a t i o n  o n  t h e  n a t i o n a l
s c a l e .

Everything went smoothly and, f o l l o w i n g  t h e  i n i t i a l  d i s r u p t i o n
n o t i c e  f r o m  IEA, w i t h i n  a  c o u p l e  o f  d a y s  t h e  h y p o t h e t i c a l  p r i c e
o f  c r u d e  o i l  r o s e  t o  $98/bbl. U n d e r  t h a t  i m p e t u s ,  t r a d e s
cont inued to  be  made  and o i l  suppl ies  cont inued to  f low without
i n t e r r u p t i o n  o r  s h o r t a g e s . D O E  c o n c l u d e d  t h e  a f f a i r  w a s  a
success .

But some of the ten participating U.S. states and some members of
Congress have c o n c l u d e d  t h e  $98/bbl p r i c e  f o r  c r u d e  o i l  w o u l d
impose  disasterous inf lat ion  and other  penal t ies  on  the  economy.
I t  i s  u n d e r s t o o d  t h e  S e c r e t a r y  o f  E n e r g y  w a s  d i s p l e a s e d  t h a t
t h e s e  t r e n d s  w e r e  n o t  b r o u g h t  t o  h i s  a t t e n t i o n  u n t i l  t h e  p r i c e
r ise  to  $98/bbl had a lready  occurred . The Netherlands and other
a l l i e s  c o m p l a i n e d  t h a t , w h i l e  t h e y  r e c e i v e d  t h e  h y p o t h e t i c a l
a l locat ions  they  required , their governments could not accept the
h i g h e r  p r i c e s  t h e i r  o i l  d i s t r i b u t o r s  n e g o t i a t e d  b y  p r o x y . More
p a r t i c u l a r l y , the  Nether lands  fe l t  the  U.S .  SPR was  fundamental
t o  t h e  U . S . emergency  mechanism and that  i t  should  have  been
brought  into  p lay  to  prevent  the  pr ice  r i se . And espec ia l ly ,  the
Netherlands regarded the U.S.  policy of  adhering to a free market
d u r i n g  a  m a j o r  c r u d e  o i l  d i s r u p t i o n  a s  i n c o m p a t i b l e  w i t h - t h e
e n t i r e  c o n c e p t  o f  c o n t r o l  a n d  a l l o c a t i o n ,  a s  e s t a b l i s h e d  u n d e r
the IEA agreement.

Although these issues  have  now fu l ly  sur faced  in  the  media  and
have been raised within the Congress, t h e  p r e s s  o f  o t h e r  e v e n t s
so  far  has  prevented  the ir  act ive  debate . In Energy matters, the
Administration’s proposed amendments t o  t h e  G a s  P o l i c y  A c t  o f
1978 a r e  m o r e  u r g e n t . B u t  i t  m a y  b e  e x p e c t e d  t h a t ,  a s  t h e
f e d e r a l  p r o c e s s  o f  b u d g e t a r y  h e a r i n g s  g r i n d s  t h r o u g h  i t s  c y c l e ,
these  unreso lved  AST-4 matters  should  be  fu l ly  scrut in ized .

AST-4 l e a v e s  s e v e r a l  U . S .  i s s u e s  u n d e c i d e d . The Administration
h a s  e m p h a s i z e d  r e p e a t e d l y  t h a t  i t  f u l l y  i n t e n d s  f r e e  m a r k e t
forces  wi l l  determine  market  act ion  dur ing  emergenc ies . I t  i s
apparent  that  th is  po l i cy  had been intended both  phi losophical ly
a n d  l i t e r a l l y . A d m i n i s t r a t i o n  s p o k e s m e n  h a v e  s t r e s s e d  t h a t
Federal regulation of  energy will  be withheld until  there is  some
v e r y  s e r i o u s  d i s l o c a t i o n  o f  t h e  e c o n o m y . AST-4 h a s  p r o b a b l y
provided  the  bas is  for  more  deta i led  def in i t ion  and cons iderat ion
o f  h o w  s e r i o u s  a  d i s l o c a t i o n  m u s t  b e  b e f o r e  t h e  SPR i s  i n v o k e d .
Also , AST-4 r a i s e s  t h e  q u e s t i o n  o f  w h e t h e r  a  m a j o r  d i s l o c a t i o n
must  actual ly  have  occurred  before  the  Administrat ion  wi l l  act ,
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or whether the onset of  a calamity may .be anticipated. There may
be  a  vast  array  o f  ramif i cat ions  to  these  quest ions .

It must be remembered that AST-4 was run on the basis of the 1981
world  energy  s i tuat ion . Energy demand and supply balances were
c o n s i d e r a b l y  d i f f e r e n t  i n  1981 t h a n  w h e n  AST-4 w a s  r u n  i n  1983.
As discussed in Chapter 2, and part icular ly  as  shown in  Fig.2-2,
the crude oil  market price response to a rise in market demand is
c r i t i c a l l y dependent  on the supply/demand b a l a n c e  a t the
p a r t i c u l a r  t i m e , a s  w e l l  a s  o n  t h e  i d l e  p r o d u c t i o n  c a p a b i l i t y
( s u c h  a s  O P E C ’ s )  a t  t h e  s a m e  t i m e . Whenever demand pushes
request  for  OPEC o i l  above  80% o f  OPEC product ion  capac i ty ,  we
s h o u l d  e x p e c t  a  r i s e  i n  w o r l d  o i l  p r i c e s . A s  p o i n t e d  o u t  i n
Chapter 2, this price rise may easily be 100% when the demand for
OPEC production reaches 95% of capacity. Conceptual ly ,  the  pr ice
,of o i l  w o u l d  a p p r o a c h  i n f i n i t y  a s  t h e  d e m a n d  f o r  O P E C  o i l
approaches 100%.

B u t  t h e s e  a r e  o n l y  i n d i c a t i o n s . O i l  m a r k e t  r e s p o n s e s  a r e
u n l i k e l y  t o  b e  s o  p r e c i s e . N e w  c i r c u m s t a n c e s  a r e  l i k e l y  t o
af fect  the  demand/supply /pr ice  ba lance  each  t ime a  major  market
stimulus occurs. If  Fig.2-2 can be believed, a very small  change
i n  d e m a n d  c o u l d  h a v e  h e l d  t h e  AST-4 p r i c e  t o  $50/ bbl, o r  c o u l d
h a v e  s h o t  i t  u p  t o  $200/bbl. We know from 1979-80 that  local
stockpi l ing  and panic  buying  can double  o i l  pr ices  when there  i s
n o  r e a l  o i l  s h o r t a g e .  S o , d o e s  a  $98/bbl h y p o t h e t i c a l  p r i c e  f o r
o i l  i n  t h e  1981 m a r k e t  m e a n  a n y t h i n g  i n  1983? P r a c t i c a l l y ,
probably not. P o l i t i c a l l y ,  p r o b a b l y  i t  d o e s .

As pointed out in The Secretary’s Annual Report to Congress, DOE,
September, 1983, “The  goal  o f  nat ional  energy  po l i cy  i s  to  foster
an adequate supply of  energy at reasonable costs--a goal on which
nearly everyone can agree. However, because judgments about what
c o n s t i t u t e s  ‘ a d e q u a t e ’  o r  ’ r e a s o n a b l e ’ v a r y  o v e r  t i m e  a n d  w i t h
circumstances, e n e r g y  p o l i c y  d o e s  n o t  a t t e m p t  t o  d e f i n e  t h e s e
terms prec ise ly . ”

A l r e a d y  i t  i s  u n d e r s t o o d  t h a t  t h e  l i n e  o f  r e s p o n s i b i l i t y  o f  t h e
DOE offices for Energy Emergencies and for  Strateg ic  Petro leum
Reserves has been revised within DOE. I f  another  exerc ise  takes
place  or  an  actual  emergency  occurs  whi le  Secretary  Hodel i s  in
o f f i c e , i t  i s  p r o b a b l e  t h a t  h e  w i l l  b e  k e p t  c l o s e l y  a d v i s e d  o f
t h e  e x e r c i s e ’ s  p r o g r e s s  a n d  t h a t  h e  w i l l  b e  p r e p a r e d  t o  m a k e
e a r l y  p o l i c y  d e c i s i o n s . I t  i s  e n t i r e l y  p o s s i b l e  t h a t ,  i f
congress ional  hear ings a r e  h e l d  o n  t h e  AST-4 e x e r c i s e , on DOE
emergency preparedness a n d / o r  o n the SPR b e f o r e the next
emergency, r e a l  o r  h y p o t h e t i c a l , a d d i t i o n a l  f a c t o r s  w i l l  b e
e x a m i n e d  w h i c h  h a v e  n o t  y e t  b e e n  d i s c u s s e d  n o r  r e c o g n i z e d .  I t
should be a healthy debate, whi le  a l l  part ic ipants  and spectators
should learn a great deal.

F ina l l y , i f  the  budgetary  rev iews o f  AST-4 should  happen to  bog
down, i t  i s  u n l i k e l y  t h a t  o u r  IEA f o r e i g n  p a r t n e r s  w i l l  l a n g u i s h
f o r  l o n g . T h e s e  a r e  i s s u e s  w h i c h  w i l l  b e  r e s o l v e d ;  i f  n o t  b y
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plans and agreements, then later in the heat of  a real  emergency.

The (SPR)

T h e  I m p a c t  r e p o r t ' s C h a p t e r  12 d e s c r i b e d  t h e  b a s i c ,  g e n e r a l
working mechanics of  the SPR. Although a number of  SPR studies
and p lans  have  been completed  s ince  June ,  1982, there  have  been
no  s igni f i cant  departures  f rom the  bas ic  SPR p lan  nor  i ts  system
framework.

The  Administrat ion  has  cont inued to  f i l l  our  SPR as  the  keystone
to  i ts  emergency  energy  po l i cy . The past, Carter administration
h a d  e n c o u n t e r e d  m u c h  d i f f i c u l t y  i n  a t t e m p t i n g  t o  f i l l  t h e  SPR,
t r i g g e r i n g  a mandate from Congress (the Energy Emergency
Preparedness  Act  o f  1982 requires  a  minimum f i l l  rate  o f  300,000
BPD, p r o v i d i n g  f u n d s  a r e  a v a i l a b l e ) . The Reagan Administration
h a s  e n e r g e t i c a l l y  p u r s u e d  t h i s  p r o j e c t . P e r h a p s  h e l p e d  b y
e v e n t s , t h e  A d m i n i s t r a t i o n  n e v e r t h e l e s s  q u i c k l y  c o n c l u d e d  a n
agreement  with  Mexico  to  assure  that  the  SPR could  be  f i l led  as
fast  as  s torage  space  becomes  avai lable  and the  U.S .  budget  can
permit purchases.

A s  w i l l  b e  n o t e d  f r o m  t h e  f i l l ,  r a t e  c h a r t  o f  Im_pact,  Fig.12-3,
f r o m  l a t e  1982 t h r o u g h  1985, t h e  SPR f i l l  r a t e  i s  l i m i t e d  b y
a v a i l a b l e  o i l  s t o r a g e  c a p a c i t y . This  Administrat ion  has  even
d i s c u s s e d  b u y i n g  o i l  f a s t e r  t h a n  SPR s t o r a g e  c a n  b e  e x p a n d e d ,
keeping the oil in temporary storage above ground u n t i l
a d d i t i o n a l  s a l t  c a v e r n  v o l u m e  c a n  b e  l e a c h e d  o u t . T h e  r a t e  a t
w h i c h  t h e  SPR s h o u l d  b e  f i l l e d  n e c e s s a r i l y  c o n f l i c t s  c u r r e n t
e v e n t s  w i t h  f o r e c a s t s  f o r  o i l  p r i c e s ,  w i t h  i n t e r e s t  r a t e s ,  t h e
s t a t e  o f  t h e  e c o n o m y , t h e  c o s t  o f  a b o v e - g r o u n d  s t o r a g e ,  t h e
f e d e r a l  d e b t  s i t u a t i o n , t h e  p r o b a b i l i t y  o f  c r u d e  o i l  d i s r u p t i o n ,
t h e  s t a t e  o f  p r i v a t e '  p e t r o l e u m  s t o c k s ,  t h e  e c o n o m i c  s i t u a t i o n s
with other IEA members, and so on.

B u t  t o d a y ' s  a r g u m e n t s  a b o u t  f i l l i n g  t h e  SPR a r e  a  m a t t e r  o f
d e t a i l . T h e  p r e s e n t  p o l i c y  f o r  c o m p l e t i n g  t h e  f i l l  i s  w e l l
establ ished  and supported , w h i l e  t h e  a c t u a l  f i l l i n g  s c h e d u l e  i s
proceeding very well .

T h e  SPR s t o o d  a t  a l m o s t  300 m i l l i o n  b a r r e l s  (293.8) a t  t h e  e n d  o f
1983, a t  350 m i l l i o n  b y t h e  e n d  ' o f  August,.1983, p a s s e d  365
mil l ion  in  the  middle  o f  October , a n d  w i l l  l e v e l  o f f  t e m p o r a r i l y
a t  400 m i l l i o n  b e f o r e  t h e  e n d  o f  1984. These achievements are
a l l  c o n s i s t e n t  w i t h  p l a n s s h o w n  e a r l i e r  i n  Fig.12-3 o f  Lmpact
and, i n  f a c t , DOE purchased more oil in 1982 than provided for in
the 1983 budget submission. As  a lso  shown by  Fig.12-3 o f  Im act
i n  1984-85 t h e r e  i s  a  n e c e s s a r y  o n e - y e a r  h i a t u s  i n fTih&
f i l l i n g  w h i l e  m o r e  s a l t - c a v e r n  s p a c e  i s  l e a c h e d . B y  1986, w e
s h o u l d  r e s u m e  f i l l i n g  a t  t h e  r a t e  o f  300,000 BPD, a  r a t e  w h i c h
h a s  b e e n  a c h i e v e d  i n  t h e  p a s t , a n d  w h i c h  i s  c o v e r e d  b y  o u r
purchase agreement with Mexico.

Our  f inal  goal  o f  750 mi l l ion  bbl should  be  completed  in  1989-90.
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Actual ly , t h e  o r i g i n a l  SPR e n a b l i n g  l e g i s l a t i o n  p r o v i d e s  f o r  a
f u l l  b i l l i o n  b a r r e l s  o f  e v e n t u a l  r e s e r v e . However, i t  has  been
t a c i t l y  a g r e e d  b y  a l l  p a r t i e s  t h a t  750 m i l l i o n  b a r r e l s  i s  a n
appropriate point at which to stop and assess the entire national
a n d  i n t e r n a t i o n a l  e n e r g y  s i t u a t i o n s  b e f o r e  t h e  f i n a l  250 m i l l i o n
barrels is  committed. It  may be significant that at the time the
SPR w a s  c r e a t e d , i t  was  ant ic ipated  that  the  U.S .  would  now be
i m p o r t i n g  b e t w e e n  8  a n d  11 m i l l i o n  b a r r e l s  o f  o i l  a  d a y . While
o u r  n e t  i m p o r t s  r a n  a t  a  r a t e  b e l o w  3  MBD f o r  a  s h o r t  t i m e
e a r l i e r  i n  1983, a t  t h e  e n d  o f  O c t o b e r  w e  w e r e import ing  just
over  5  mi l l ion  barre ls  a  day , i n c l u d i n g  400,000 BPD i m p o r t e d  f o r
f i l l i n g  t h e  SPR.

A s  t h e  S e c r e t a r y ' s  r e p o r t  t o  C o n g r e s s  p o i n t s  o u t ,  " I t  i s  t h u s
apparent that the magnitude of  insurance policy called for 5 or 6
years  ago  no  longer  i s  required , e s p e c i a l l y  i n  l i g h t  o f  t h e  n e e d
to  contro l  Federa l  expendi tures . Therefore, on December 1, 1982,
the  Pres ident  submitted  to  Congress  a  f inding  that  i t  would  not
b e  i n  t h e  n a t i o n a l  i n t e r e s t  t o  f i l l  t h e  r e s e r v e  a t  a  r a t e  o f
300,000 b a r r e l s  p e r  d a y  i n  1983." T h i s  c o u l d  p r e s a g e  t h e
p o s s i b i l i t y  t h a t  t h e  300,000 BPD r a t e  w i l l  n o t  b e  f u l l y  r e s u m e d
i n  1986: Even so, any reduction that is  imposed is now unlikely
t o  a f f e c t  t h e  t o t a l  i m p a c t  o f  t h e  SPR t o  a n y  a p p r e c i a b l e  d e g r e e .
T h e  SPR i s  a l r e a d y  a  s i g n i f i c a n t  f a c t o r  i n  t h e  i n t e r n a t i o n a l
petroleum market.

Use of  the SPR

Present policy for drawing down the SPR was also presented to the
Congress by the same December 1, 1982 plan. The  Pres ident  wi l l
determine when releases from the SPR will be made.

The  present  SPR drawdown  capaci ty  is  1.7 mi l l ion  barre ls  per  day ,
c o n s i s t e n t  w i t h  t h e  p l a n  a t  t h e  t i m e  o f  t h e  I m p a c t  r e p o r t .
Drawdown c a p a c i t y w i l l i n c r e a s e  t o more than 3.5 MBD on
completion of  Phase II , also as shown in Fig.12-4. At the end of
Phase  I I I , w i t h  750 m i l l i o n  b a r r e l s  i n  s t o r a g e ,  t h e  SPR w i l l  b e
c a p a b l e  o f  d e l i v e r i n g  a l m o s t  4.5 m i l l i o n  b a r r e l s  p e r  d a y ,  t h e n
ef fect ive ly  one  o f  the ,  wor ld ' s  largest  o i l  producers .

As has been anticipated, t h e  m e t h o d  f o r  s e l l i n g  o i l  f r o m  t h e  SPR
is  p lanned to  be  by  pr ice -compet i t ive  sa les . Quant i t ies  de f ined
b y  t h e  P r e s i d e n t  w i l l  b e  p u t  u p  f o r  a u c t i o n . The DOE believes
p a r t i c i p a t i o n  i n  t h e s e  a u c t i o n s  s h o u l d  b e  a s  w i d e  a s  p o s s i b l e .
Bids  f rom responsib le  fore ign  interests  wi l l  be  enterta ined  a long
with  those  f rom U.S .  organizat ions . Further, t h e r e  w i l l  b e  n o
r e s t r i c t i o n s  i m p o s e d  o n  u s e  o f  t h e  o i l  b o u g h t . Cr i t i cs  contend
t h a t  t h i s  o p e n  a u c t i o n  p r o c e d u r e ,  w i t h  u n c o n t r o l l e d  u s e ,  c o u l d
l e a d  t o  s p e c u l a t i o n  a n d  f u r t h e r  p r i c e  i n s t a b i l i t i e s .

The Administration counters with the view that a free market has
n a t u r a l  m e t h o d s  f o r  d i s c o u r a g i n g  s p e c u l a t i o n  a n d  o t h e r  a d v e r s e
p r a c t i c e s . A n y o n e  a t t e m p t i n g  t o  c o n t r o l  o r  c o r n e r the market
c o u l d  a s  e a s i l y  e n d  u p  w i t h  a  l o s s  a s  w i t h  a  p r o f i t . On the
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other hand, i f  s p e c u l a t o r s  d o  b i d  u p  SPR s a l e s  p r i c e s ,  a s  s e l l e r
a t  h i g h e r  p r i c e s , the Government will  be the beneficiary.

A s  a  m e a s u r e  o f  l a s t  r e s o r t ,  t h e  " n e w "  p l a n  ( D e c e m b e r ,  1982)
permits  d is tr ibut ion  o f  no  more  than 10% o f  the  vo lume o f  o i l  in
the  SPR re leased  in  any  month to  any  spec i f ied  buyer  or  c lass  o f
buyers.

There  have  been  a  var iety  o f  suggest ions  o f  how emergency  sa les
should be made from the SPR; the DOE staff has evaluated many of
these  ideas . One of the more prominent schemes has been to sell
SPR f u t u r e s , f o r  d e l i v e r i e s  t o  b e  a v a i l a b l e  w h e n  e m e r g e n c y
condi t ions  have  been pronounced . t h i s  p r o p o s a l  s u g g e s t s  t h a t
p o s s e s s i o n  o f  f u t u r e  r i g h t s  m a y  p e r m i t  p o t e n t i a l  u s e r s  t o  d e l a y
del ivery  unt i l  they  actual ly  need  the  s tock ,  thereby  cutt ing  down
t h e  l i k e l i h o o d  o f  p a n i c  o r  p r e m a t u r e  d e l i v e r i e s . Some comment
t h a t  s u c h  a  p r o v i s i o n  c o u l d  e i t h e r .  d e l a y  a  c r i s i s  o r  e l i m i n a t e
small  ones. Future  de l ivery  r ights  would  be  so ld  and reso ld  on
t h e  m a r k e t  l i k e  a n y  o t h e r  c o m m o d i t y  h o l d i n g s . O n e  o f  t h e
disadvantages  o f  the  scheme is  that ,  i f  sa les  are  made  at  t imes
of  market  tranqui l i ty , the Government would suffer through lower
s a l e s  p r i c e s . S i n c e  m u c h  o f  t h e  SPR w a s  b o u g h t  b e f o r e  O P E C
l o w e r e d  i t s  p r i c e  t o  $29/bbl, the Government would stand a stif f
l o s s  b y  s e l l i n g  f u t u r e s  t o d a y .

A  d e s i r e  t o  m a x i m i z e  G o v e r n m e n t  p r o f i t  t h r o u g h  SPR s a l e s  i s
a l m o s t  s e l f - d e f e a t i n g .  I f , t o  p r o t e c t  i t s  c o s t  o r  t o  s e e k  a
p r o f i t  f o r  t h e  f e d e r a l  b u d g e t , the  Government  de lays  SPR sa les
u n t i l  o i l  p r i c e s r i s e  s u b s t a n t i a l l y , t h e  e c o n o m y  m a y  s u f f e r
ser ious ly  be fore  the  SPR can adequate ly  s tem the  pr ice  r i se . The
r e s u l t could b e  a n o t h e r r o u n d  o f i n f l a t i o n , recess ion and
unemployment.

These  matters  are  unl ike ly  to  be  debated  in  the  current  sess ion
o f  c o n g r e s s b e c a u s e  o f  h i g h e r  p r i o r i t y  m a t t e r s ,  i n c l u d i n g  t h e
h o p e  o f  r e a c h i n g  a  r e s o l u t i o n  o n  n a t u r a l  g a s . I n  t h e  n e x t
s e s s i o n  o f  t h e  c o n g r e s s , and during  budget  hear ings  by  var ious
committees, they are certain to be surfaced and examined. Today
w e  a r e  o p e r a t i n g  u n d e r  t h e  v e r y  s i m p l e  p o l i c y  o f  f r e e  m a r k e t
f o r c e s , dur ing  an emergency  as  wel l  as  dur ing normal business
c o n d i t i o n s . I t  i s  p r o b a b l e  t h a t  t h i s  s i m p l i c i t y  w i l l  b e  m o d i f i e d
b y  f u t u r e  l e g i s l a t i v e  a c t i o n .

The a v i a t i o n community  probably  cannot ant ic ipate what the
outcome o f  these  future  debates  wi l l  be ,  or  whether  the  outcome
w i l l  b e  b e n e f i c i a l  o r  d e t r i m e n t a l  t o  a v i a t i o n .

The 1983 National Ener_qy Policy Plan - NEPP-1983

National Energy Policy

T h e  e s s e n c e  o f  NEPP-1983  i s  t o  p r o v i d e ,  " .  ..an adequate supply of
e n e r g y  a t  r e a s o n a b l e  c o s t s . . . " T h i s  r e q u i r e s  " . . . a  f l e x i b l e
energy system that avoids undue dependence on any single source
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h o p e  o f  r e a c h i n g  a  r e s o l u t i o n  o n  n a t u r a l  g a s . I n  t h e  n e x t
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The 1983 National Ener_qy Policy Plan - NEPP-1983

National Energy Policy

T h e  e s s e n c e  o f  NEPP-1983  i s  t o  p r o v i d e ,  " .  ..an adequate supply of
e n e r g y  a t  r e a s o n a b l e  c o s t s . . . " T h i s  r e q u i r e s  " . . . a  f l e x i b l e
energy system that avoids undue dependence on any single source
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s o l a r enevm conservation technolog ies , enhanced recovery
t e c h n i q u e s ,  m a g n e t i c  f u s i o n ,  b r e e d e r  t e c h n o l o g y ,  a n d  s y n t h e t i c
fuels are useful  precursors to commercialization of  new fuels and
technolog ies n e e d e d  t o f o s t e r  a balanced and mixed energy
resource system over the long term.”

(3) “Federal programs that focus directly on our preparedness for
an energy emergency include the development and continued
e x p a n s i o n  o f the S t r a t e g i c Petroleum Reserve (SPR) and
maintenance of the Naval Petroleum Reserve (NPR) .”

“Domestic energy security is  enhanced by a range of  other federal
energy programs, including o i l  p r i c e d e r e g u l a t i o n ;  r e g u l a t o r y
r e f o r m  e f f o r t s  i n  n a t u r a l  g a s  p r i c i n g  a n d  n u c l e a r  l i c e n s i n g ;
l e a s i n g  p r o g r a m s  f o r  f e d e r a l  l a n d s  a n d  t h e  O u t e r  C o n t i n e n t a l
Shel f ; enhanced energy trade ; and expanded research and
development, including cooperat ive internat ional research
e f f o r t s . ”

“ T w o  c u r r e n t  l e g i s l a t i v e  i n i t i a t i v e s  a r e  p a r t i c u l a r l y  i m p o r t a n t - ”

“ T h e  f i r s t . . . i s  r e m o v a l  o f  c o n t r o l s  o n  n a t u r a l  g a s  wellhead
p r i c e s . E a r l i e r  t h i s  y e a r , t h e  a d m i n i s t r a t i o n  p r o p o s e d  t h e
Natural Gas Consumer Regulatory Reform Ammendments of 1983.”

“ T h e  s e c o n d  l e g i s l a t i v e  i n i t i a t i v e . .  .is. ..to r e f o r m  t h e  n u c l e a r
l i cens ing  and regulatory  process . ”

n .  ..decontrol o f  a l l  n a t u r a l  g a s  p r i c e s  a t  t h e  wellhead b y  a
c e r t a i n  d a t e  i s  c r i t i c a l l y  i m p o r t a n t  t o  a c h i e v i n g  a  d e c r e a s e  i n
natural gas p r i c e s a f t e r l e g i s l a t i o n  i s enacted and to
maintaining  gas  pr ices  at  a  leve l  that  i s  lower  than would  result
from continued government controls.”

“Technolog ies  that  convert  renewable  resources  into  usable  forms
of  energy , such as  act ive  and pass ive  so lar  heat ing  and coo l ing ;
photovoltaics;  w i n d ,  b i o m a s s , and ocean thermal conversion; and
geothermal energy systems .offer a vast potential  source of  energy
supply.. . For many renewable technologies,  however,  advances sti l l
must be made before economically viable systems will  be available
to  produce  energy  in  major  d irect  thermal  appl i cat ions  and bulk
e lectr i c i ty  supply  or  to  meet  requirements  for  l iquid  and gaseous
f u e l s . “ ”

On magnetic f u s i o n , “ B e f o r e  i t will  ., have any p r a c t i c a l
a p p l i c a t i o n , however, numerous t e c h n i c a l  a n d  b a s i c  s c i e n t i f i c
uncerta int ies  that  are  be ing  addressed  by  federal  research  must
be overcome.”

“ In the c a s e  o f o i l and gas, 1 ong- term production from
c o n v e n t i o n a l  s o u r c e s  i s  l i k e l y  t o  d e c l i n e ,  c e r t a i n l y  w i t h i n  t h e
n e x t  c e n t u r y . I n  t h e  c a s e  o f  c o a l ,  t h e  k n o w n  U . S .  r e s o u r c e
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b a s e - - t h e  w o r l d ’ s  l a r g e s t  k n o w n  r e s e r v e s - - w i l l  b e  a d e q u a t e  f o r
several  centuries at current and projected rates of  demand.”

“BY some c r i t e r i a , federal support f o r synthet ic f u e l s
d e v e l o p m e n t  a l s o  m a y  s e e m  t o  b e  a n  a n o m a l y  o f  c u r r e n t  e n e r g y
p o l i c y . ” Changes in world energy outlook are noted;  in the long
run, s y n t h e t i c  l i q u i d s and gases may become more economic than
n a t u r a l  o i l  a n d  g a s . DOE continues R&D in synthetics,  but the
Synthetic Fuels Corporation s u p p o r t s  “...the m o s t promising
synthet ic f u e l s technolog ies using a n u m b e r  o f economic
i n c e n t i v e s . ”

“S ince  o ther  end-use  fue l  demand is  pro jected  to  increase  at  less
t h a n  t h e  r a t e  o f  G N P  g r o w t h , t h e  e l e c t r i c i t y  s h a r e  o f  f i n a l
energy consumption is  projected to increase during the remainder
o f  t h i s  c e n t u r y . ”

Securllt_y NEPP-1983

“No a s p e c t  o f  t h e  f e d e r a l  r o l e  i n  e n e r g y  i s  m o r e  c r i t i c a l  t o  o u r
nat ional  secur i ty  interests  than programs in  the  area  o f  energy
s e c u r i t y . ” Federal  act iv i ty  inc ludes  the  SPR, the  NPR, emergency
preparedness, nuc lear  non-pro l i ferat ion  agreements ,  internat ional
trade and cooperation.

“ I n  t h e  e v e n t  o f  a  s u p p l y  d i s r u p t i o n ,  t h e  U n i t e d  State.s w i l l
f u l f i l l  i t s  i n t e r n a t i o n a l  o b l i g a t i o n s  a n d  r e l y  o n  u n r e s t r i c t e d
energy markets t o  d i s t r i b u t e  s u p p l i e s  d o m e s t i c a l l y , including
supplies drawn down from the SPR. M a r k e t s  a r e  f a r  s u p e r i o r  t o
any a l t e r n a t i v e way of a l l o c a t i n g o i l during supply
disruptions...the  U . S .  a p p r o a c h  i s  t o  r e l y  o n  m a r k e t  f o r c e s  a t
home and abroad and t h e r e b y  d e m o n s t r a t e  t o  o t h e r s  i n  o u r
internat ional  energy  re lat ions  that  th is  s trategy  is  in  the ir  and
our mutual long-term interests.”

“Although the  pr imary  threat  to t h e  c o l l e c t i v e  s e c u r i t y  o f  t h e
United  States , Western Europe,  and Japan remains our continued
vulnerability to oil  supply disruptions,  there have been a number
of  changes i n  t h e  w o r l d  e n e r g y  s i t u a t i o n  s i n c e  t h e  o i l  s u p p l y
disrupt ions o f  t h e  1970s t h a t  h a v e  s t r e n g t h e n e d  s i g n i f i c a n t l y
free -wor ld  energy  secur i ty . ”

“The  overr id ing  concern  o f  our  a l l ies  to  reduce  the ir  dependence
on imported oil  has led to a growing reliance on natural gas from
the Soviet Union, a  n e w  s o u r c e  o f  v u l n e r a b i l i t y  a n d  c o n c e r n  t o
o u r  c o l l e c t i v e  e n e r g y  s e c u r i t y . ”

NEPP-1983 on Energy Trade and Transportation

“ C o n t i n u e d  f r e e - w o r l d  e c o n o m i c  r e c o v e r y  w i l l  l e a d  t o  l o n g - t e r m
growth in  tota l  energy  demand. Energy demand growth, coupled
with  the  fact  that  the  wor ld ’ s  energy  resources  and technolog ica l
c a p a b i l i t i e s are n o t  d i s t r i b u t e d evenly , w i l l l e a d  t o the
increasing i m p o r t a n c e  o f energy trade and re lated energy
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Iran-Iraq war ends.

With an expanding world economy, between 1986 and 1990, demand
for  OPEC o i l  should  reach 24 to  26 mi l l ion  BPD, pressur ing  pr ices
upward . By  1990, t h e  p r i c e  o f  o i l  i n  1982 d o l l a r s  s h o u l d  b e
between $25 and $40, about the same in real  dollars as before the
d e c l i n e  f r o m  $34 i n  1982. “Beyond 1990, w o r l d  o i l  p r i c e s  a r e
e x t r e m e l y  u n c e r t a i n  a n d  s p e c u l a t i v e ,  b u t  a r e  p r o j e c t e d i n  r e a l
t e r m s  t o  r e a c h  b e t w e e n  $36 a n d  $80 p e r  b a r r e l  b y  t h e  y e a r  2000
a n d  b e t w e e n  $55 a n d  $110 p e r  b a r r e l  by. 2010.” U n p r e d i c t a b l e
e v e n t s  o r technolog ica l changes could ” . . .render current
pro ject ions  o f  dubious  value . ”

“One condit ioning  factor  in f luenc ing  the  pro jected  range  o f  pr ice
i n c r e a s e s  d u r i n g  t h e  1990 t o  2010 t i m e  p e r i o d  i s  t h e  a s s u m p t i o n
that  the  cost  o f  unconvent ional  o i l  sources  such  as  shale  o i l  and
c o a l  l i q u i d s  w i l l  b e  i n  t h e  $50- t o  $80-per-barrel r a n g e  (1982
d o l l a r s )  a s  o p p o s e d ,  f o r  e x a m p l e ,  t o  t h e  $35- t o  $50-per-barrel
range assumed by NEP-1979.”
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